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R E S U M E 
The work described in the thesis deals with the 
applications and furtherance of the uses of the follow-
ing condensing agents in the syntheses of isoflavones. 
(i) Ethoxalyl chloride 
(ii) Acetyl chloride-pyridine 
(iii) Acetic anhydride-sodium acetate and 
(iv) Ethyl formate-sodium. 
Ring isomeric changes in isoflavones both in 
acid (Wessely-Moser rearrangement) as well as in basi-c 
media have been investigated further. 
1. 2>4,6-Trihydroxy-3-methyl deoxybenzoin and 
its 2'- and 4'-methyl ethers on ethoxalylation provi-
ded in each instance an isomeric mixture of 2-carbe— 
thoxy isoflavones of 5,6,7- and 5,7,8-orientations of 
substituents. The isomeric pairs were resolved into 
pure components by fractional crystallisations, hydro-
lysed and decarboxylated' to the corresponding hydroxy 
isoflavones. 
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2. The s t r u c t u r e s of t he new isomeric i s o f l a -
vone pa i r (A and B) were e s t ab l i shed in the following 
manner. • . 
A. 5>7-Dihydroxy-8-methyl i sof lavone j m.p . l89-
191® \'7as t o t a l l y methylated to the corresponding 
dimethyl e t h e r , m.p.158-160° » which vras a lso obtained 
by unequivocal syntheses by subjec t ing 2-hydroxy-4,6-
dimethoxy-3-methyl deoxybenzoin to ethyl formate-
sodium and e thoxa ly la t ion methods. 
B. 5,7-Dihydroxy-6-methyl isoflavone* m.p.225-
227® was mo no methylated t o S'-hydroxy-7-methoxj'"-6-
methyl isoflavone m.p.170-172°. The corresponding 
dimethyl e the r , 5,7-dimethoxy-6-methyl isof lavone. 
ra.p.149-150° was obtained by t o t a l methylation. Both 
mono- and dimethyl e thers were found to be i d e n t i c a l 
with the syn the t i c s t andards . The syn the t i c specimens 
v/ere obtained by the nuclear methylation of 5 ,7 -d i -
hydroxy isof lavonej which gave the monomethyl e ther 
m.p. and mixed m.p.170-172° and t h e l a t t e r provided 
the dimethyl e ther by usual method m.p. and mixed 
m.p.149-150°. 
Further confirmation regarding t h e s t r u c t u r e 
of 5,7-dihydroxy-6-methyl i so f lavone , m.p.225-227® 
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was obtained by the alkaline degradation of its 
dimethyl ether followed by ethylation to yield 
6-ethoxy-2,4-dimethoxy-3-inethyl^deoxybenzoin m.p.65°. 
The synthetic standard for the purpose of comparision 
was obtained by the Hoesch condensation of 4-ethoxy 
methyl phloroglucinol and benzyl cyanide, which gave 
the intermediate, 6-ethoxy-2,4-dihydroxy-3-methyl 
deoxybenzoin, m.p.128-130°, which on methylation gave 
the dimethoxy deoxybenzoin m.p. and mixed m.p.SS'^. 
Another synthesis of 6-ethoxy-2,4-dimethoxy'-
-3-methyl deoxybenzoin was achieved by monomethylation 
of 2,6-dihydroxy-4:-methoxy-3-methyl deoxybenzoin m.p. 
165-167*^  to 6-ethoxy derivative, m.p.131-133° , which 
on complete methylation gave the desired compound 
m.p. and mixed m.p.65°. 
3. Contradictory results were obtained ^;;.:.i 
when 5,7-dimethoxy-8-methyl isoflavone and its 2'-
methyl ether v/ere subjected to Wessely-Moser rearrange-
ment with hydriodic acid and acetic anhydride under the 
usual conditions.. The tv/o isomers were separated by 
remethylation. 
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4. The reinvestigation of ^ he condensation of 
2,4,6-trihydroxy-3-methyl deoxybenzoin with acetyl 
chloride-pyridine and acetic anhydride-sodium acetate 
provided mixture of isomers in each synthesis. In 
contrast to only one isomer of a particular orienta-
tion of substituents reported in each case earlier 
by other workers. The acetyl chloride-pyridine method 
however, gave the 6-isomer in greater proportion while 
the 8-isomer \^ as obtained as the major component with 
acetic anhydride-sodium acetate. The separation of the 
isomers (A and B) was achieved by methylation at the 
final stage. 
A. 2,8-Oimethyl-5,7-dimethoxy i sof lavone , 
m.p.184-186°. 
B. 2,6-Dimethyl-5,7-dimethoxy isoflavone, 
m.p.176-177°. 
5. A tentative explanation for the dual course 
of cyclisation in the'above syntheses has been advanced 
The previous generalisation and explanation for the 
exclusive formation of any one of the isomer with a 
specific orientation of substituents with a particular 
condensing agent has been discredited. 
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6. 2j6^ihydroxy-3,4-d.imethoxy deoxybenzoin 
when subjected t o ace t i c anhydride-sodium ace ta te 
condensation provided a mixture of isomers namely» 
2-methyl-5-acetoxy-6,7-dimethoxy-and-2-methyl-5-
acetoxy-7»8-dimethoxy isoflavones m.ps.201-203® and 
176-178° r e s p e c t i v e l y . The separa t ion of the two 
isomers was acheived in t h e i n i t i a l stage. ' This 
method of separa t ion gave the 6-isomer in grea ter 
amount. Hov/ever, the previous i^rorkers reported the 
exclusive formation of the 6-isomer in the above 
s y n t h e s i s . 
\ 7. The formation of 2-hydroxy isoflavanone as 
a s t a b l e intermediate when 2-hydroxy-4,6>2*-trimethoxy 
deoxybenzoin i s subjected t o ethyl formate-sodium 
synthes is has been discarded on the ground of same 
melt ing point and i d e n t i c a l u l t r a v i o l e t spec t ra before 
and a f te r subjec t ing the product to dehydrat ion. 
8. A new pathway in exclusive formation of 
5,6>7-isomer when 2,6-dihydroxy-3,4-dimethoxy deoxy-, 
benzoin i s t r e a t e d \irith e t h y l formate-sodium has been 
suggested. 
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9. The alkaline isomerisation of 5-hydroxy-7j 
8-dimethoxy isoflavone using potassium ethoxide 
(potassium-absolute ethanol) gave the corresponding 
6-isomer with a small amount of deoxybenzoin. The 
use of ethyl formate-sodium for.the first time in 
studying alkaline isomerisation was found to give a 
very good yield of.6-isomer. 
10. The condensation of 2j6-dihydroxy-4-methoxy 
-3-methyl deoxybenzoin with ethyl formate-sodium yielc 
mainly 6-isomer but in contrast to the 0-methyl deoxy-
benzoin used earlier, it also gave a small amount of 
8-isomer. 
11. The alkaline isomerisation of 5-hydroxy-7-
methoxy-8-methyl isoflavone with either potassium 
ethoxide or ethyl formate-sodium gave 6-isomer in pooi 
yield leaving behind the unisomerised 8-isomer. 
12. In the light of above work on ethyl formate-
sodium synthesis and alkaline isomerisation it may be 
concluded that G-methyl group in 8-position in isofla-
vones is resistant to nucleophilic attack at C-2. 
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T H E O R E T I C A L 
The yellow colouring matter ot the plant may be 
studied under the following two heads. 
(i) Carotenoids 
(ii) Anthoxanthins (flavonoids) 
The anthoxanthins, an important group of* flavo-
noids, consist of yellow pigments occuring in the cell 
sap in the form of glycosides. 
The terra flavonoid is characteristic of the 
presence of Cg " Cg - Cg carbon skeleton. The range 
of structural variation found in the known compounds 
of the flavonoid type is associated primarily with 
variation in the oxidation level of the Cg portion or 
the carbon chain bridging the two benzene rings (A and 
B) of the molecule* The range of oxidation level 
extends from the'highly oxidised flavonol type (I) to 
the highly risduced catechin type (II). 
^°^<^ A 
0 
OH 
I II 
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Flavonoids ean be arranged in the following order on 
the basis of the oxidation levels: (a) flavonols; 
(b) flavones, isoflavones, 3-hydroxy flavanones or 
dihydroflavonols, 2-hydroxy isoflavanones, 3-hydroxy 
flavylium salts, 24iydroxy-i:!-benzyl cotmiaranones and 
aurones5 (c) flavanones, isoflavanones* chalkones, 
flavylium salts and leucoanthocyanidins or flavan-3» 
4-diolS} (d) eatechins, flavan-4:-ols and phloretins. 
Anthoxanthins on hydrolysis yield the sugar 
part and the non-sugar part, the agLycone or the antho-
xanthinidin. 
Anthoxanthin Hydrolysis s^  Anthoxanthinidin+sugars' 
The basic unit of anthoxanthinidin is the W -pyrone, 
the anhydride of unsaturated 1,5-dihydroxy-3-ketone. 
Anthoxanthinidins are subdivided into the following: 
(i; flavones (III), (2) isoflavones (IV), (3) flavo-
nols (I), (4) flavanones (V), (5) isoflavanones (VI) 
(6) Flavanonols (VII) and (7) chalkones (VIII) 
III IV 
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The most wide spread and numeroms of these are 
the flavones which oceiir almost in a l l p lants . They 
occmr in the colourless parts of the plants such as 
•vdiite flowers. The parent Flavone ( I I I ) i s 2-phenyl 
derivative of benzo-4-pyrone. The natural ly occuring 
flavones are hydroxylated derivatives of flavones, 
which may be pa r t i a l ly alkylated. Positions 5 and 7 
almost invariably and one or more of the positions 
S'»4' and 5' are frequently hydroxylated. The unsubs-
t i t u t e d parent flavone also occur in nature. Most of 
the flavones occur as glycosides of glucose and 
rhamnose, but a few also occur in the free s t a t e . 
The isomers of flavones bearing a phenyl, subst i~ 
tuent in 3-position instead of 2 are called isoflavones 
( I f ) . The relat ionship of t he i r s tructure (IV) t o the 
skeleton of the rotenoids (IX) i s close in tha t they 
may both be regarded as being derived from 3-phenyl 
chroman (X). 
~ 4 -
r^^^° 
IX X 
Recent developments have included not only the 
discovery of new isoflavones, but also the recognition 
of the existence of variants on the isoflavone mpity, 
due to variation in the oxidation level of the Go 
portion of the molecule. They include the isoflava-
nones (VI)» the coumarano-ehromans (XI)» thecK-methyl 
deoxybenzoin, angolensin (XII) and the isoflavan, 
equol (XIII). 
H0r^0H^^3 
V 
,0. 
HO r ^ ^ N 
y 
V OH 
XI XII XIII 
Naturally occuring Isoflavones? 
Isoflavones occur in nature in widely differing 
botanical species, sometimes as the glycosides and 
sometimes in the free state. They are less widely 
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spread than the flavones and the number whose strue-
tures have been established with certainty is twenty 
seven. However» the contrast between the relative 
frequency of oxygenation of corresponding positions 
for flavones and isoHavones are quite striking. No 
natural isoflavone oxygenated in position +'8 is 
known, whereas a number of such flavones have been 
recognised. The isoflavones are frequently oxygenated 
in position 2* and contrary to this only a few of the • 
large number of flavones are 2'-oxygenated. The glyco-
sides are usually degraded by boiling,with dilute 
mineral acid, but this procedure destroys the evidence 
showing where the sugar residue was attached. The 
glycosides have not in general been studied as exten-
sively as the isoflavones themselves so that the point 
of attachment of the sugar residue is not known in 
every case. However, genistin (XI¥> R = C-H-,^D^, 
o XJ. 5 
R' = X = H) glucoside of genistein (XI¥: R = R» = X=H) 
was first studied by Walz*^, who found that dilute acid 
liberated a sugar which he identified as glucose. 
Acid hydrolysis of the completely methylated glycoside 
gave 6,4'-dimethyl ether of genistein and the glycoside 
- 6 -
was there fore i d e n t i f i e d as t he 7-gluGoside of g e n i s -
t e i n . La te r on many glycosides of d i f f e r e n t i s o f l a -
XIV 
vones have been s tud ied and t h e i r s t r u c t u r e e s t ab l i shed 
Recently puerar in (XV) an isoflavone of very 
i n t e r e s t i n g s t r u c t u r e has been i s o l a t e d . This i s the 
f i r s t C-glycosyl isoflavone^whose structxire has been 
e s t a b l i s h e d . I t i s analogous t o other C-gLycosyl 
d e r i v a t i v e s of flavone ( v i t e x i n and saponare t in * ) , 
of anthrone ( a l o i n and barba lo in ) and of isocoumarin 
Cbergenin-^^'-^^). 
OH H 
CH 
HO / \ - \ 
0 
^ ^ 
OH 
OH 
H OH H H 
•CH2OH 
XV 
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In addition to these isoflavones there are 
some more complex molecules (XVI to XXI) containing 
the isoflavone nucleus. These have isoprenoid (C5) 
substituents 
rotenoids. 
13 and show close relationship to the 
XVI 
Maxima Substance-B(R=H) 
Maxima S ubstance-C(R=OMe) 
^ 
' ' \ ^ \ 
OH ^ ^ OMe 
MepN^OMe 
Toxicarol isoflavone 
XVIII 
XX Osajin(Z=H) 
Pomiferin(Z=OH) 
MeO' 
Munetone XVII 
°\A/°\ 
0 
MeO 
^ V ° \ 
Wo^"^ 
Jamaicin 
XIX 
MeOVA 0 
Mundulone 
XXI 
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Flavanones have long been known -bo occur in -
nature* but it is only recently that isoflavanones 
have been discovered. In 1952 Narasimhachari and 
±4 Seshadri isolated a glycoside» which they called 
padmakastin and the aglycone^padmakastein. King and 
15 Neill reported ferreirin and homoferreirin. These 
gave the colour reactions of isoflavones but contained 
two extra hydrogen atoms. 
Isolation? 
The plant materials are cut or ground well and 
extracted with suitable solvents. The glycosides are 
usually extracted with water, whii-e the isoflavones 
themselves are soluble in ethanol. Fats are convi~ 
niently removed with light petroleum. Recently the 
use of chromatography has been described for the 
separation and purification of the isoflavones. Iso-
flavones may also be separated by paper chromatography 
either as glycosides or free. The position of the 
isoflavones on the chromatogram may be found by flou-
rescence in ultraviolet light or by spraying with 
colour reagents. 
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Characterisa-biont 
There are valuable colour reactions which may 
"be used to test for the benzopyrone structure. The 
flavonoids are reduced to give red substances of a 
flavylium salt nature"^ "^"''' in hydrochloric acid solu-
tion. Flavanones are reduced by sodium amalgam or by 
magnesium-hydrochloric acid. Flavonols with free 
hydroxyl group in 3-position are reduced by magnesium-
hydrochloric acid and not by sodium amalgam. However, 
flavonols having a substituted hydroxyl group in posi-
tion's are reduced by both the methods. Flavones and 
isoflavones both are reduced by sodium amalgam and 
not by magnesium-hydrochloric acid, thus indicating 
that the two can not be differentiated on t-he basis of 
19 
colour reaction. Some ea^lj workers mistakingly 
characterised isoflavones as flavones owing to their 
similar colour tests. The presence and in some cases 
the position of phenolic hydroxyl groups can often be 
determined by the ferric chloride colouration. 
Recently it has been shown that the two 
classes of compounds can be distinguished by mild 
alkaline treatment. ^*^ '*'^  Under such conditions 
- 10 -
f lavones ( I I I ) afford o-hydro^diben'zoyl methane (30CII) 
whereas isof lavones (IV> y i e l d o-hydro3Qr deoxybenzoin 
(XXVI) -with t h e l o s s of one carbon atom (as formic 
a c i d ) . 
0, 
A 
II 
0 
III 
^ B z 
XXII 
The most d i s t i n c t i v e d i f ference between 
f lavones and isofT-avones i s i n t h e i r u l t r a - v i o l e t 
s p e c t r a . I n isoflavones ( I V ) , the phenyl r i n g a t 
pos i t i on -3 i s not conjugated with the pyrone carbonyl 
group. Consequently, Band I» which i n f lavones i s 
assoc ia ted V7ith conjugated l a t e r a l B r i n g , i s e i t h e r 
absent or considerably diminished in i n t e n s i t y in 
the spec t r a of i sof lavones . The i so f l avones , t h e r e -
f o r e , show one s t rong absorpt ion band*which usua l ly 
l i e s between 250-270 mp- and sometimes a band of very 
much l e s s in tense absorpt ion a t 300-330 mf^» This may 
be compared wi th spec t r a of f lavones which usua l ly show 
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absorpt ion in ^ u - 2 8 u m^and the 340-37G mjkregions. 
Band I fo r isof lavones i s u sua l ly more in tense than 
the 260-280 m^toand of f lavones . Band I I for i s o f l a -
vones shows weaker absorpt ion as compared t o flavone 
analogues. 
Proof of isoflavone Structured 
The struct\n"e of isof lavones has been s tudied 
both by syn the t i c and degradat ive methods. The syn-
t h e t i c methods w i l l be discussed l a t e r . As regards 
the degradat ive methods, t h e most f r u i t f u l being the 
a lka l i ne degradat ion e i t h e r with d i l u t e a l k a l i or by 
more d r a s t i c method of a lka l ine fus ion . 
P rune t in , 5,4'-dihydroxy-7-methoxy isoflavone 
(XXIII 5 R = Me) was t he f i r s t compound t o be regarded 
as a d e r i v a t i v e of 3-phenyl benzo-4-pyrone. I t s a l k a -
l i n e fusion with potassium hydroxide gave, ph lo rog luc i -
nol and p-hydroxy phenyl ace t i c ac id . The molecular 
formula was found t o be C-jgH.gOg. .On t h e ba s i s of 
25 these f indings Finnemore suggested i t t o be mono-
methyl e ther of 5,7,4»-trihydrojQT isoflavone (XXIII j 
R = H). Since the methyl group was l o s t dur ing a l k a l i n e 
degrada t ion , i t s pos i t ion could notbe de t ec t ed . 
- 12 -
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OH 
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Genistein was isolated by Perkin and Newbury 
and its structure was also studied by them. Its 
acetylation shewed the presence of three hydrojQrl 
groups and alkaline fusion gave» phloroglucinol and 
p-hydroxy phenyl acetic acid. But they found the 
incorrect molecular formula C-,/fi,.Q^ for it and 
assigned the structure of phenyl ketocotimaran (XXIV). 
27 Perkin and Horsfall studied the various ethers of 
genistein by degradation and supported the above struc-
ture. They could not isolate the formic acid formed 
28 during degradation. Bargellini also studied the 
structure of genistein and assigned It a eoumarin 
structure (XXV). However, in 1925 Baker and Robinson 
succeeded in synthesising a 5-hydroxy-7,4«-dimethoxy-C-
methyl isoflavone and showed its identity vath the 
methylation product of natural genistein. This synthe-
sis proved'3-phenyl-benzo-4-pyrone structure and showed 
" 13 -
that genistein must be 5,7,4'-trihydroxy isoflavone 
(XXIII; R = H). 
XXIV XXV 
Isoflavones are generally stable to acidic 
reagents and basic hydrolysis is usually more infor-
mative. The usual methods of isoflavone degradation 
may be indicated as under J 
A 
II 
0 
IV 
^ ^ ^ 
+ HCOjH 
OH 
II 
0 
CH. 
^^/y 
XXVI 
^JjC02H+H02C<^B^ 
XXX XXXI 
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Mild alkaline treatment of isoflavone (IV) gives 
o-hydroxy deoxybenzoin (XXVI) with loss of one 
carbon atom (as formic acid). Generally 5-10% sodium 
23•24 30 
hs^roxide solution in water or absolute ethanol 
31 32 
or a mixture of water and ethanol or methanol is 
31 
used for this purpose. In some cases fifteen 
30 
minutes heating is sufficient whereas in ether 
four hours heating is required to bring about the 
24 degradation. Gottlieb and Magalhas reported the 
mild degradation of caviunin in the atmosphere of 
nitrogen. Formic acid formed during the degradation 
33 has been identified by spot tests , or by conversion 
34 into N:N'-<iiphenyl formamidine hydrochloride , or 
35^36 S-benzylthiouronixim formate . The o-hydroxy 
deoxybenzoin (XXVI) formed during mild degradation 
responds to ferric reaction and shows characteristic 
infra-red absorption (-v max ^ ^1640 6m~ )• The ultra-
violet spectra of the substituted deoxybenzoins show5 
23«24 three typical well characterised maxima . It 
31 
reduces Tollen's reagent in pyridine . The formation 
of deoxybenzoin (XXVI) can be further confirmed by 
resynthesis of the isoflavone (IV) from the deoxy-
benzoin (XXVI) using appropriate condensing agent like 
23 37 
ethyl formate or ethyl orthoformate . 
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Both the isoflavone (lY) and the deoxy- -
benzoin (XXVI) obtained by mild degradation of (IV) 
suffer cleavage^'^^"^'^^'^^ to phenol (XXVII) and 
phenyl acetic acid (XXVIII) on alkaline fusion. 
However, better results have been obtained by alkaline 
hydrogen peroxide oxidation of the fully methylated 
deoxybenzoin (XXIX) giving two acids (XXX) and XXXI). 
These methods have also been adapted for micro-
degradation followed by identification of the frag-
ments by comparative paper chromatography. 
The other degradative methods are not as 
selective and informative as those discussed above. 
Fully alkylated isoflavone (IV) when subjected to 
permanganate oxidation ' gives a substituted 
benzoic acid (XXXI) derived from ring B. Ozpnolysis 
of santal trimethyl ether (XXXII) has been found to 
furnish 2-hydroxy-4,6-dimethoxybenzoic acid (XXXIII) 
34 derived from ring A 
MeOri^ 
MeO <• 
XXXII 
OMe 
M eOr^^OH 
L JicOOH 
MeO 
XXXIII 
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Alkaline hydrogen peroxide oxidation of the 
mil 
40 
deoxybenzoin (XXVI) gives (XXVIII) ''" but a similar 
oxidation of the isoflavone (IV) gives (XXXI) 
presumably via the intermediate 2»3-epoxide-iso-
42 flavone . 
Isoflavones containing both methoxyl and 
hydroxyl substituents would lead to extensive degra-
dation on direct oxidation, so the hydroxyl groups 
are ethylated before degradation as in cases of 
... ,34 . . 38 , .J.. 35»36 ,^ Santal » muningm , podospicatm . I n some 
cases the structure of isoflavones have been confirmed 
43-45 by synthesis of their fully ethylated derivatives . 
Ultra-violet spectrophotometric measurements 
have not hitherto been employed to any great extent 
in identifying the natural isoflavones although the 
46 influence of the reagents such as aluminium chloride 
and sodium acetate on isoflavone spectra provide parti-
cularly unequivocal structural information on the A 
ring as clear from the Table I. Thus addition of sodiun 
acetate results in a characteristic bathochromic shift 
of about 10 mflof the principal *Xmax ^^ those iso-
flavones which contain a free 7-hydroxyl group. 
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Altuflinium e h l o r i d e forms a complex w i t h i s o f l a v o n e s 
which c o n t a i n a f r e e 5-hydro3!yl group and t h e p r i n c i 
p a l 7 \ a a x undergoes a remarkable s h i f t of 11-14 mju . 
T A B L E - I 2 4 , 3 9 , 4 7 
U l t r a v i o l e t S p e c t r a of I s o f l a v o n e s , 
I s o f l a v o n e E thano l 
A max ( m^) 
CHgCOGNa AICI3 NaOEt 
l o g £ "X max 'X max *Xmax 
(Band I I ) ( m ^ ) (m^) 
( m | j . ; 
i s o f l a v o n e 
f o r m o n e t i n 
o s a j i n 
g e n i s t e i n 
p r u n e t i n 
g e n i s t i n 
307 3 .82 
245 4 . 4 2 
SOU 
250 
308* 
274 
331* 
262 
325 
262 .5 
330* 
262 
260 
274 
271 
341 
261 
287 
262 
379 
274 
378 
273 
331* 
275 
350* 
271 
363* 
273 
- 18 -
biochan in-A 
7 , 4 ' - d i h y -
droxy-5--
methoxy- iso 
f l a v o n e . 
pseudobap-
t i s i n 
pomi fe r in 
s o p h o r i c o -
s i d e 
5 , 7 , 2 ' - t r i -
methoxy-8-
methyl i s o -
f l avone 
s a n t a l 
t e c t o r i g e n i n 
5 , 6 , 7 , 2 ' -
t e t r a h y d r o x y 
i s o f l a v o n e 
5 , 6 , 7 , 2 « -
t e t r a m e t h o x y 
i s o f l a v o n e 
5 -demethy l -
t l a t l a n c u a y i n 
t l a t l a ncu ay i n 
326* 
261 
256 
295 
267 
276 
330* 
262 
259 
249 
307 
263 
320 
268 
320* 
273 
235 
304* 
281 
247 
335* 
270 
243 
320-
278* 
245 
4 . 5 1 
1.48 
1.46 
3 .72 
4 . 2 0 
4 . 1 5 
4 . 1 0 
4 . 2 9 
4 . 5 7 
3 .61 
4 .29 
4 . 2 7 
3.86 
4 . 1 2 
4 . 3 4 
331 
271 274 
276 
375 332 
275 276 276 
380 
274. 
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7-methyl-
podos-
picatin 
301 
265 
7,2'-dimethyl300 
podospicatin ^-p 
5,6,7,2' ,4«-
pentamethoxy 
isoflavone 
irigenin 
iridin 
299 
253 
311* 
267 
332* 
268 
5,6,7,3' ,4' , 263 
5'-hexamethoxy 
isoflavone 
5,7,4'-tri-
hydr 0X3^-2-
ethyl iso-, 
flavone 
munetone 
irisolone 
irisolone 
methyl ether 
5,6,7,4«-tet 
ramethoxy 
isoflavone 
caviunin 
7-methoxy-
caviunin 
258 
331 
263 
330* 
270 
330* 
270 
-320* 
265 
297 
263 
295 
265 
•inflect 
4.11 
4.33 
4.25 
4.44 
3.33 
4.51 
4.51 
4.03 
4.60 
3.97 
4.62 
3.76 
4.35 
3.63 
4.34 
4.25 
4.37 
4.27 
4.40 
ion 
307 
277 
341 
277 275 
362 
268 268 
339 
( l e g e 4.':^14) 
370 
( logfe 3 .60) 
275 
( l o g 6 4 . 3 9 ) 
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Infra-red spectrxim study has also been used for 
the characterisation of isoflavones. They show strong 
multiple hands in the 166U-1400 Cm region. Informa-
tion regarding the attached groups is also furnished 
by the infra-^ red spectroscopy. Thus the following 
intense bands (chloroform' solution) for methylene 
dioxy grouping in tlatlancuayin (XXXIV) have been 
noted at 8.60, 8.91, 9.u6, 9.28 and 9.51 P- . 
XXXIV 
Synthesis of isoflavones? 
The synthesis of isoflavones (3-phenyl chromone) 
requires an appropriate deoxybenzoin and a condensing 
agent capable of furnishing 2-earbon atom. The syn-
thesis with alkyl or aryl substituents in the 2-posi-
tion presented no difficulty, but since in naturally 
occuring compound this position is never substituted, 
such a synthesis is of value only if the substituents 
- 21 -
OQ 
can be removed subsequent ly. Baker and Robinson 
i n the year 1925 synthesised 7-hydroxy-2-methyl i s o -
jElavone (XXXVI; R, = X = H) for the f i r s t t ime by the 
condensation of 2,4-dihydroxyjlieoxyben2soin (XXXVJ R = X 
H) .with ace t i c anhydride and sodium ace ta te followed 
by hydro lys i s . 
HO ^  OH 
CH-
R 0 
^ // 
HO 
.0. 
/ ^ \ CH-
W"A^_^ 
R 0 
XXXV XXXVI 
Deo3Qrbenzoins derived from phloroglucinol furnished 
5»7-dihydroxy isoflavones and replacement of a c e t i c 
anhydride and sodium ace ta te with benzoic ar^ydride and 
the corresponding sodium s a l t gave 2-phenyl i s o f l a -
vones. S imi la r ly 2,4-dihydroxy deoxybenzoin (XXXV5 
R = X = H> on condensation with cinnamic anhydride and 
sodium cinnamate gave 7-cinnamoyloxy-2-styryl i s o -
flavone (XXXVII; R = R» = X = H) , which was converted 
in to the 7-methoxy de r iva t i ve (XXXVIIII R = R' = X = H). 
- 22 
This compound on oxidat ion with potassium permanganate 
i n pyr idine y ie lded 7-methoxy isofT.avone-2-carboxylic 
acid (XXXIX5 R = R' = X = H) which on decarboxylat ion 
gave 7-methoxy isoflavone (XLj R = R* = X = H). I n an 
48 
attempt t o synthes ise g e n i s t e i n , 2»4 ,6- t r ihydrGxy-4 ' -
methoxy deoxybenzoin (XXXV; R = 0H» X = GMe) was • ' 
condensed with cinnamic anhydride and sodiD^ c inna -
mate t o give 7-cinnamoyloxy-5-hydroxy-4*-methoxy-2-
s t y r y l isoflavone (XXXVII; R = H , R » = O H , X = OMe). 
This on decinnamoylation and subsequent methylat ion 
gave a nuclear methylatiSn product , 5-hydroxy-7»4«-
d ime thoxy-6^e thy l -2 - s ty ry l isof lavone (XXXVIII; R = 
Me» R* = OH, X = OMe;. The product , a f t e r a c e t y l a t i o n 
of t h e remaining f ree 5-hydroxyl group, was subjected 
t o potassium permanganate oxidat ion t o give the c o r r e s -
ponding carboxy isoflavone (XXXIX5 R = Me, R' = OAc, 
X = OMe). This on decarboxylat ion and subsequent 
hydro lys i s gave 5-hydroxy-7,4•-dimethoxy-6-methyl i s o -
flavone (XL; R = Me, R' = OH, X = OMe;. However, 
49 Baker and Robinson i n the year 1928 succeeded in 
syn thes i s ing g e n i s t e i n by modifying t h e condi t ions of 
methylat ion. 
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vCH=CH.CO.OK T ^CH=CHPh 
R 
R 
^ ^ 
CHgOf/ Y ^CH=CHPh 
^ ^ 
XXXVII XXXVIII 
CH30r:^°\, 
R 
R- JJ ^ ^ 
XXXIX XL 
Inspite of numerous attempts at the time to devise a 
more practicable synthesis of isoflavones bearing no 
substituents in position^2, it was found almost indis-
pensible to proceed through the 2-styryl isoflavones 
and isoflavone carboxylic acids derived in small 
yields by oxidation. • 
50 However, Baker, Robinson and Simpson put 
forward an improved method for the preparation of 
2-styryl isoflavones and thus the experimental diffi-
- 2 4 -
c u l t i e s a r i s i n g from t h e use of de r iva t i ve of einnamic 
aeid were overcome. They prepared 2 - s ty ry l isof lavones 
by condensing 2-methyl isof lavones with benzaldehyde. 
The condensation of 2,4-dihydroxy-4'-methoxy deoxy-
benzGin (XXX¥; R = H, X = OMe) \ d t h ace t i c anhydride 
and soditim ace t a t e gave 7-acetoxy-4'^aethoxy-2-methyl 
isoflavone (XLI)» which was subjected t o deace ty l a t i on 
followed by methylat ion t o give 7»4»-dimethoxy-2-
methyl isoflavone (XLII) . The corresponding 2 - s ty ry l 
d e r i v a t i v e (XLIII) was prepared by condensation of 
(XLII) with benzaldehyde i n presence of sodium ethoxide. 
T'his on degradat ion in t he usual way and subsequent 
demethylation gave da idze in (XLIV) i n ^ y i e l d . The 
51 
syn thes i s of r - bapt igenin (XLV) was a l so achieved 
by t h i s method success fu l ly . 
A c O r ^ ^ ^ M 
^ 
^ // 
0M< 
0 
XLI XLII 
MeO CH=CHPh 
OMe 
X L I I I XLIV 
- 25 -
i 'his method also su f fe r s from the severe l i m i t a t i o n s 
of poor y i e l d dur ing oxidat ion and more over as the 
hydroxyl groups must be pro tec ted before ox ida t ion , 
only those compounds can be prepared in which the 
requi red alkoxy groups are not cleaved dur ing f i n a l 
demethylat ion. 
A new synthes is of 7-methoxy isoflavone was 
52 
evolved by Baker e t a l . in which the oxidat ion s t ep 
was avoided a l t o g e t h e r . This involved t h e condensa-
t i o n of m-methoxy phenol wi th phenacyl bromide t o give 
t»i-m-methoxy phenoxy acetophenone (3ajVI) followed by 
conversion in to the cyanohydrin« This compound on 
t rea tment with zinc chlor ide and hydrogen ch lor ide in 
e ther underwent an in t ramolecular Hoesch r e a c t i o n . 
The ketimine hydrochloride (XLVII) thus obtained was 
hydrolysed t o y i e l d 3-hydroxy-7-ffletho:Qr isoflavanone» 
which on dehydration by sulphur ic acid gave 7-methoxy 
isoflavone (XL > R = R» = X = H) i n good y i e l d . 
XLV 
MeO 
- i « -
MeO MeO 
MeO 
. ^ \ 
VNA-V ^ 
HCl.HN OH 
XLVII 
OMe[i) 
OMe 
OMe 
XLVIII 
H'-Baptigenin (XLV) was synthes ised by Spath and 
CO 54 
Lederer , whereas Baker et a l . fa i led t o prepare 
i r igenin triraethyl ether (XLVIII) using t h i s method. 
I t s general appl icabi l i ty has, however, not been fu l ly 
explored. 
53 Spath and Lederer in 1930 obtained H'-bapti-. 
genin (XLV) in a yield of about ^  by treating 2,4-
dihydroxy-3*,4*-methylenedioxy deoxybenzoin (XLIX) 
with ethyl formate and sodium in a sealed tube at 100°. 
Shortly after daidzein and formononetin were synthe-
sised similarly. This synthesis of isoflavones was 
greatly improved bywxodifying the reaction conditions. 
It was found that condensation of the deoxybenzoins 
with ethyl formate-sodium proceeds smoothly at 0° * 
to give isoflavones in 3u% yields. This synthesis of 
isoflavones is quite suitable when the deoxybenzoins 
contains only one free hydroxyl group, ortho to the 
carbonyl, required for ring closure. Isoflavone. 
- 27 -
from deoxytienzoin having two free hydroxyl groups both 
3o 
ortho to the carbonyl is also reported to "be synthe-
C O 
sised successfully. Shriner and Hull • described the 
preparation of 8-methyl genistein using a trihydroxy 
deo^QTbenzoin, but their results could not be repro-
2u duced by later workers. 
The mechanism of ethyl formate-sodium synthe-
sis of isoflavones has been much discussed. . Spath and 
53 Lederer hov/ever, suggested the following course. 
A OH _ ^ ^ - r ^ 
S 
HCOOEt 
Na 
HO 
- y 
f) 
\ ) 
OHCHOH / I—CH2 
\y' 
n 
0 
^ - ^ ^ ^ 0 
XLIX , L 
The active methylene group of the deoxybenzoin under-
goes formylation followed by enolisation to (L). The 
unsaturated triol (L) loses water to form an ether 
linkage on treatment with mineral acid. However, such 
intermediates have not been isolated either by Spath 
53 57 
and Lederer or by Mahal et al. The latter workers 
are of the opinion that the ethyl formate-sodium syn-
thesis proceeds directly to the formation of isofla-
- 28 
vones. The intermediates of the composition postu-
lated above have however been isolated in a few cases. 
They have been assigned the 2-hydroxyisoflavanone 
(LI) structure. These compounds lose a molecule of 
water in each case on treatment with glacial acetic 
acid and yield the corresponding isoflavones. Thus 
31 
Wolfrom et al. in the year 1941 were able to 
isolate four such intermediate isoflavanones (LI). 
These intermediates gave negative ferric chloride 
test. Harper^^ in 1942 and Mehta et al.^^ in 1953 
have also reported the same observation. The forma-
tion of i;-hydroxy isoflavanones during ethyl formate-
sodiiim synthesis is thus suggested. 
56 .57 Vehkataraman et al. ' however obtained iso*^  
flavones directly under conditions, which might have 
been expected to give the intermediate hydroJQT iso-
flavanones. Robertson et al. also obtained santal 
trimethyl ether (XXXII) and other isoflavones directly 
by ethyl formate-sodium synthesis. 
r^^\ 
LI 
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It is interesting to mention here the observation of 
Narasindiachari et al. * who have found that the use 
of methyl formate in isoflavone condensation invariab- , 
ly yields y-hydroxy isoflavanones. This finding has» 
63 
shortly after, been confirmed by the work of Whalley. 
Consideration of the actual structures of the compounds, 
the condensing agents and the experimental conditions 
in these apparently inconsistent experiments does not 
greatly help in explaining why only in some cases 
stable intermediates with ethyl formate are formed and 
why the same intermediates are invariably formed with 
methyl formate. 
Another simpler a M more convenient method for 
cyclising o-hydroxy deoxybenzoins to isoflavone is to 
heat them with ethyl orthoformate, pyridine and piperi-
dine. This method was devised by Sathe and Venkatara-
64 
man in 1949. It usually gives higher yields than 
the ethyl formate-sodium synthesfs and the need for 
protection of hydroxyl group is also much less than 
that in the ethyl formate method. Deoxybenzoins 
derived from resorcinol and pyrogallol cyclise in good 
yields. The presence of a nitro group in 4'-position 
of the deoxybenzoins facilitates the cyclisation ani 
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gives s t i l l be t te r yie lds ,^^ Prunetin"''^ (XXIII} R = 
Me) and muningin (LII) have been synthesised by the 
use of t h i s reagent. Cyclisation to the corresponding 
isoflavones f a i l s with 2»4,#-tri3hydroxy deoxybenzoins, 
Meo 
HO 
. ^ ^ ° N 
W^~V^ OMe *^ OH 
LII 
The severe l imi ta t ion of ethyl formate-
sodium and ethyl orthoformate syntheses i s t h e i r fa i lu re 
with deoxybenzoins containing several free hydroxyl 
groups. In cases where several free'hydroxyl groups 
are present in a deoxybenzoin, ethoxalyl chloride has 
67-69 been most successfully used. I t was in 1949 when 
70 Baker e t a l . discovered t ha t the 2-Garbon atom could 
also be furnished by ethoxalyl chloride and t ha t i s o -
flavone 2-carboxylic esters formed in good yields are 
readily converted into isoflavones by hydrolysis f o l l o -
wed by decarboxylation. This has got the d i s t i n c t 
advantage of the d i rec t preparation of polyhydroxy and 
- 3 i -
pa r t i a l l y alkylated hydroxy isoflavones. Dealkyla-
tion> which i s here avoided i s sometimes aceompanied 
by isomerisation from 5,7^8- t o 5,6,7-orientat ion of 
op 7"1 
subst i tuents . * The value of the method was shown 
by the preparation, a t the Middlesex Hospital, of , 
2u 120 g. of genistein from the corresponding deoxy-
benzoin in t>i0 y ie ld . However, deoxybenzoins of the 
type derived from i r e to l when submitted t o ethoxaly-
l a t i on are reported * to give isomeric milcbure of 
d i f f i cu l t l y separable isoflavones of 5 ,6 ,7- and 
5,7,8-orientat ions. Though ethoxalylation of deoxy-
benzoins capable of furnishing two isomeric isoflavones 
has not been fu l ly explored so f a r , t h i s seems to be a 
l imi ta t ion of t h i s condensing agent. 
The deoxybenzoin containing in a l l i n_ free 
phenolic hyiroxyl groups Is t rea ted with n + 1 equiva-
len t s of ethoxalyl chloride in pyridine a t 0° and l e f t 
overnight at room temperature. The reaction mixture 
on work up gives ethyl isoflavone 2-carboxylate, which 
on hydrolysis with sodium carbonate and subsequent 
decarboxylation a t a temperature l i t t l e above the 
melting point yields the isoflavone. When the reac-
t ion was carried out in pj^idine and boil ing benzene 
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the isoflavone esters were isolated but in very low 
yields. 
67 Baker e t a l . suggested the fol lowing probable 
mechanisms (a ) e thoxa ly la t ion of a l l phenolic hydroxyl 
groups of the deoxybenzoin (L I I I ) except one ortho to 
the carbonyl group giving (LIY), (b) C-ethoxalylat ion, 
of the r eac t ive methylene group of (LIV) to give (LV) 
(c ) c y c l i s a t i o n to the 2-carbethoxy-2~hydroxy i s o -
flavanone (LVI) , (d) l o s s of a molecule of water t o 
give the 2-carbethoxy isoflavone (LVII) and (e ) removal 
of e thoxalyl group by r e a c t i o n with d i l u t e acids 
giving (LVIII ) . 
HOfA OH 
CH' 
HO 5 
2 - ^ // OH 
RCQO r^OH 
CH2 
RC 0.0 0 
^ // 
O.CO.R 
R=COOEt 
LIII LIV 
R.COOrAoH ^ ° ^ 
CH 
RCQO 5 
O.CQR 
RrCOOEt 
RCQO 
QCQR 
RCQO ^ 
RrCOOEt 
LV LVI 
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R.CO •OrA/ Ov R 
R.C0.0 [^  
LVII 
; ^ ^O.CO.R 
R=COOEt R=COOEt 
LVIII 
74 Gupta and Seshadri have suggested the forma-
t i o n of (LV) "by another probable mechanism; ( a ) e t h o -
xa ly l a t i on of a l l the phenolic hydroxyl groups of the 
deoxyhenzoin ( L I I I ) to give (LIX) and (b) Baker -
Venkataraman t ransformat ion in presence of base 
(pyr id ine ) r e s u l t i n g in C-ethoxalyla t ion of t he r eac t -
ive methylene group thus g iv ing (LV). 
R.CO.Of^  Y<^0-f^ 
CH2 
LIX 
R=COOEt 
However i t i s c l e a r t h a t C-ethoxalyl deoxy-
benzoins (LV) are intermediates and they may be formed 
e i t h e r by d i r e c t C-acyla t ion or by a Baker-Venkata-
raman t ransformat ion of the 0-ethoxalylox^^eo^ybenzoin. 
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67 Baker et a l . have however found t h a t in the 
case of 2-hydroxy-4,6-dimethoxy deoxybenzoiiij the 
primary product of ethoxalylation i s 2-hydro3Qr-5>7-
dimethoxy isoflavanone which loses water when t rea ted 
with acetic acid t o give S,7-dimethoxy isoflavone. 
75 Methoxalyl chloride has* also successfully, 
"been used in some cases for the synthesis of i s o -
flavones but the scope and l imitat ions have not been 
fu l ly explored. ' 
Various sources- of 2-carbon atom in i so f l a -
vones f which would permit t h e i r ready synthesis from 
2-hydroxy deoxybenzoins have been investigated. I t 
has now been found t h a t formamide or formanilide '^*'' 
can in some instances furnish the necessary 2-carbon 
atom with yields of isoflavone upto 6C^. In t h i s r eac -
t ion the amide and the deoxybenzoin are heated together 
for about t h i r t y minutes, normally the i so la t ion of 
isoflavones presents l i t t l e d i f f i cu l ty . Protection of 
hydroxyl groups except in 2-position i s necessary. 
However t h i s method has been found of l imited applica-
b i l i t y . 
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The p o s s i b i l i t y of a thermal ly induced 
Baker-Venkataraman t ransformat ion of o-acyloxyaceto'a-
rones in to the corresponding o-iiydroxy^-lyS-diketone 
78 79 
or flavone has a l so been extended for t h e syn the -
76 s i s of i so f lavones . I t has been found t h a t 2-acyloxy 
deoxybenzoins when heated t o 250° give the correspond-
ing 2 - subs t i tu t ed isoflavones» i n some ins tances in 
s a t i s f a c t o r y y i e l d . This r eac t i on i s p a r a l l e l t o the 
74 80 8 base ca ta lysed Baker-Venkataraman t ransformat ion , ' 
which may also be brought about thermal ly . 
Recently Farkas has descr ibed a method 
for isoflavone synthesis wherein he used what may be 
descr ibed as the Gattermann-Adams r e a g e n t , v iz .» zinc 
cyanide and d ry hydrogen c h l o r i d e . I t has been shown 
t h a t P-keto-aldimine of the type (LXI) are obtained 
from various d e r i v a t i v e s of deoxybenzoin (LX; R = OH, 
OMe, R* = Ph, p-HO.CgH^; by the above reagen t . 
R 
NH 
^ 
CH2R ^ . 
II 
0 ° 
LX LXI 
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Hydrolysis of (LXI) affords compounds (LXII-a) and 
(LXEI-to) r e s p e c t i v e l y . Compounds of the type (LXII-b 
undergo r i ng c losure with l o s s of water and formation 
of the corresponding isof lavones (LXII I ) . 
0 
/\nH9H 
0 ^ 
OH 
'R 
.^° 
LXII-a LXII-b LXIII 
84 La te r on, t h i s method was used by Fark-cas e t a l . 
for the syn thes i s of 7-hydroxy-3'»4'-dimethoxy i s o -
f l avone , S^-baptigenin and formononetin and by McMurry 
85 * 
e t a l . for the syn thes i s of afromosin (7-hydro:(y-6, 
4 '-dimethoxy i so f l avone) . 
Kawase e t a l . repor ted the formation of 
3-formyl deosqrbenzoins ins tead of i sof lavones by t h i s 
method. They used a mixture of zinc cyanide sind 
op_84 
aluminium ch lor ide whereas Farkas e t a l . used 
only zinc cyanide. 
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87 Very recently Grover, Jain and Seshadri 
showed that in presence of zinc cyanide the methylene 
reactivity is adequate as compared -with that of the 
resorcylic nucleus for undergoing condensation to 
o p »QA 
y i e l d isof lavones as repor ted by Farkas e t a l . 
On the other hand a mixture of zinc cyanide and 
aliiminium ch lor ide (anhydrous) increases t he nuclear 
a c t i v i t y thus giving the 3-formyl deoxybenzoins as 
found by Kavrase e t a l . This method of isoflavone 
syn thes i s works f a i r l y s a t i s f a c t o r i l y vdth deoxy-
benzoins der ived from re so rc ino l or hydroxyquinol, 
whereas phlorogLucinol d e r i v a t i v e s undergo only 
nuclear formylat ion under a l l cond i t i ons . 
A very recent observat ion has been made by 
88 Chakravart i e t a l . t h a t 2»4-dihydroxy deoxybenzoin 
>dien allowed t o r e a c t with methylene iodide i n 
presence of sodium ethoxide so lu t i on affords 
7-hydroxy isoflavanone which undergoes smooth oxida-
t i o n with selenium dioxide t o y i e l d the corresponding 
isoflavone (LXIIl j R = OH, R* = Ph) . However,the 
general a p p l i c a b i l i t y of t h i s method has ye t t o be 
examined. 
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Isomerisation In isoflavones? 
In the synthesis of most flavones and isofla-
vones, demethylation is an essential step and hydrio-
dic acid is the reagent most commonly used. Buring 
hydriodic acid demethylation rearrangement ol" a 
5»7»8- to 5»6,7- trihydroxy flavone was observed by 
89 Wessely and Moser, who obtained 5,6»7»4'-tetra-
hydroxy flavone (LXV) (scutellarein) from Vrhydroxy-
5,8,4»-trimethoxy flavone (LXIV, J R = OH). The view 
was later confirmed by Wessely and Kallab who found 
91 that contrary to the result of Hattori, 5,7*8,4•-
tetramethoxy flavone (LXIV? R = OMe) on treatment 
with hydriodic acid s\jffers isomeric change to 
scutellarein (LXV). ^ 
CH3O 0 
CH3O 
HO /V Q 
"0V\/ 
HO 
^ // OH 
LXIV LXV 
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This important type of rearrangement of a 5 , 8 - t o 
5 , 6 -o r i en t a t i on dur ing demethylation under the i n f l u -
ence of hydriodic or hydrobromie acids i s known as 
Wessely-Moser rearrangement and was for the f i r s t 
time observed i n f lavones . The rearrangement i s not 
only confined t o f lavones but i s exemplified by most 
of t h e compounds r e l a t e d t o flavones e .g . f l a v o n o l s , 
f lavanones , chromones, chromonols, xanthones and 
i sof lavones . 
The rearrangement of 5 , 8 - t o 5,6-dihydroxy 
flavones and chromones under t h e corri.itions of deme-
t h y l a t i o n with hydrobromic or hydriodic acids i s well 
e s t ab l i shed and i s due t o t h e hydro ly t ic opening of 
the pyrone r i n g and c losure in the a l t e r n a t i v e d i r e c -
t i o n involving the hyiroxyl group i n i t i a l l y in pos i t i on 
92 
- 5 . Baker e t a l . observed t h a t 5 , 7 ,8 - t r i hyd roxy -2 -
methyl/ isof lavone ( tX¥i ; R = OH, R« = Me, Ar = Ph) 
when boi led fo r e igh t hours in a c e t i c a c i d , con ta in ing 
hydrobromic a c i d , gave the corresponding 5,6,7-isomer 
(LXVIi; R = OH, R« = Me, Ar = Ph) . S imi la r ly demethy-
l a t i o n of 5,7-dihydro3!y-8,3',4« ,5*-tetramethoxy i s o -
flavone (LXVI ; R = OMe, R' = H, Ar = 3 ,4 ,5- t r imethoxy 
phenyl) gave i r i g e n o l , 5 ,6 ,7 ,3 • ,4 *,5•-hexahydroxy 
- 40 -
isoflavone (LXVII 5 R = GH, R' = H, Ar = 3 , 4 , 5 - t r i -
hydroxy phenyl). The eonditions of the reaction are 
the deciding factor in control l ing whether or not the 
rearrangement occurs. Thus 5,7,8-trimethoxy i s o -
9^.94 flavone and i t s 2-methyl derivative * , methyl 
63 95 
genistein and methyl isogenistein have been 
demethylated with hydriodic acid without change of 
R 
HO 
0. /V^R .^ v^  
HO g 
LXVI 
Ar 
LXVII 
96 
o r i e n t a t i o n . Mukerjee e t a l . have advanced an 
explanat ion as t o why f l avono l , chromonol, and i s o -
flavones do not undergo i somer isa t ion under the usual 
condi t ions of demethylat ion. According t o them the 
electrophi l ic ac t iv i ty of the 2-position i s consi-
dered to "be mainly responsible for t h i s reaction and 
the r ing opens out to form a diketone or i t s equiva-
l e n t . The hydroxyl group in the 8-position may have 
some effect in encouraging the r ing f i ss ion but does 
not seem to be absolutely essent ia l since t h i s i s o -
meric charge i s found to take place even in 6 - and 
-41 -
8-niethyl compotaiKis. But the presence ot substituents 
hydroxyl (methoxyl) and phenyl in the 3-position is 
of importance. They.seem to inhibit ring opening and 
this is attributed to their capacity to reduce the . 
electrophilic activity of the 2-position by an elec-
tromeric mechanism. 
OH 
./vV (^ k/ 
0 
II 
OH C 
U 
HO 
I . X I X 
II 
0 
LXX 
LXVIII 
LXXI 
97 
and Baker 
et al."" have shown that under drastic conditions 
flavonols» chromonols and isoflavones also can be 
More recently Wheeler et al. 
92 
made to undergo the isomeric change. Muk-erjee am 
98 Seshadri hold that the explanation advanced by 
- 42 -
96 Mukerjee e t a l . i s s t i l l valid because under ordinary 
eoraiitions, the change does not take place and hence 
resis tance to r ing f i ss ion i s def ini te though not 
32 absolute. But Whalley's report of isomerisation of 
i. 
methyl isogenistein by boi l ing with !'stabiised** 
hydriodic acid only for for ty five minutes and our «• 
observations for methyl isogenistein and 5>7-dimethoxy-
8-raethyl isoflavone undergoing isomerisation under 
normal conditions as prescribed by Seshadri e t a l . 95 
are not in agreement with the explanation of Mukerjee 
. , 96 
et al. 
The demethylati on of 2'-methoxy isoflavones 
(LXXII) by acidic reagents leads t o extensive res in i 
fication^^'^^*'^-^*^^ ani i t is suggested t ha t th i s i s 
due to t he i r transformation into acid-sensit ive 3 -
aroylbenzfurans (3-aroylcommarones) (BXXIII) »-^ 0 ,^ 
OMe 
L X X I I L X X I I I 
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Simi la r ly ac t ion of hydrobromic and a e e t i c acids on 
2-carbethoxy-2'-^nethoxy isoflavone (LXXI¥) i s 
68 
repor ted t o cause hydrolysis of the e s t e r group and 
l a c t o n i s a t i o n t o (LXXV). 
^^v\ COOC2H5 
L X X I V 
^ 
V 
LXXV 
The reverse change i.e. the rearrangement ot 
compounds of type (LXXVII) to those of type (LXXVI) 
has not been previously reported in any series of 
such compounds with the exception of only one example 
^ , . 9 6 , 1 0 1 
in chromone series. 
R 0. 
.^ V^"\ 0. r^^V'N 
HO 'i 
LXXVI 
R 
HO g 
LXXVII 
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The reverse type of change has now for the f i r s t time 
102 
been reported in isofLavone s e r i e s , when 5-hydroxy-
7,4'-dimethoxy-6-iiKthyl isoflavone (LXXVIIl) on deme-
thylat ion with hydriodic acid furnished two d i s t inc t 
products isolated af ter reuBthylation i . e . (a) 5-hy-
droxy -7,4 • -dime thoxy -6 -methyl isoflavone (LXXVIIl) 
and (b) 5-hyiroxy-7,4«-dimethoxy-8-methyl isoflavone 
(LXXIX). This suggests tha t these rearrangements, 
occur under equil ibrat ion conditions and the re l a t ive 
proportions of the two isomers depend upon t he i r rela-
t ive thermodynamic s t a b i l i t i e s . 
OMe 
MeO 
Me o 
OMe 
LXXVIIl LXXIX 
3 2 7 I Whalley has observed tha t in case of 
5»7,2*- or 5,7,4•-trimethoxy-8-methyl isoflavones 
demethylation with aluminium chloride in dry benzene 
yields a mixture of products having 8- and 6 - C-methyl 
- 45 -
97 
orientations. Wheeler et al. have suggested that 
as no rearrangement has yet been observed during deme-
thylation by aluminium chloride* the production of 
6-isomer by the reagent might be due to the direct 
migration of methyl group rather than to ring open-
ing followed by cyclisation to an :, alternate position. 
In all the above discussions isomeric changes 
took place in acid media. Alkaline solution could not 
be used because decomposition sets in. A special 
case was observed when the isomeric change took 
place to some extent in alkaline medium. It was 
observed that 5-hydroxy-7»8-dimetho3Qr isoflavone 
(L3CXX; R' = R " = Me = Ar = Ph) undergoes fission with 
8% alcoholic alkali to give the corresponding deoxy-
benzoin (LXXXIJ R' = R'« = Me, Ar = Ph) and a small 
quantity of the isomeric isoflavone (LXXXII > R* = R*' > 
Me. Ar = Ph). 
OR' 0: 
R "o/V \ 
OR* 
R"0 OH 
CH2—Ar 
HO 0 
LXXX LXXXI LXXXII 
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This c o n s t i t u t e s the f i r s t example of isomeric change 
of isoflavone i n a lka l ine meditim. 
103 La te r on^Mahesh and Seshadri and Dhar and 
lu4 
Seshadri showed t h a t 5-hydroxy-7f8-dimethoxy i s o -
flavone (LXXXj R' = R'» = Me, Ar = ^h) may he converted 
in to t h e isomeric 5-hydro3cy-6 »7-dimethoxy Isoflavone 
(LXXXIi; R» = R " = Me, Ar = Ph) by t rea tment with ^ 
a lcohSl ic potash. This method was found xisedE i^l as the 
former could be prepared e a s i l y . Recently Dhar and 
lU5 Seshadri have applied t h i s method for t he p repara t io r 
of 5,6-dihydroxy-7-methoxy (LXXXII; R» = H, R" = Me, Ar 
= Ph ) , 6-benzyloxy-5--hydroxy-7-meth03y-(LXXXII j R' = 
CHj^.Ph, R" = Me, Ar = Ph ) , 6,4«-dihenzyloxy-5-hyd^oxy-
7-nBthoxy (LXXXII; R' = CH^.Ph, R»' = Me, Ar = p-Ph.CHgO-
CgH^) and 5,7-dihyiroxy-6-methoxy-(LXXXII JR* = Me, 
R" = H, Ar = Ph) i so f l avones . Howeverjthey could not 
syn thes i se tec to regen in (LXXXII; R« = Me, R" = H, Ar = 
p-HO.CgH^) by t h i s method. They have repor ted b e t t e r 
y i e l d s when t h e i somer isa t ion was bourght about in 
the atmosphere of hydrogen. 
"Lcypi — H o Yery r e c e n t l y Farkas aiKi Varady have 
a l so been suecessfixL i n br ing ing about t he i somer i sa -
t i o n of isof lavones from 5 , 7 , 8 - o r i e n t a t i o n of s u b s t i -
- 47 
t uen t s to t h e corresponding 6,6,7-isomers in a lka l i ne 
medium. They have used 2^ potassium ethoxide [[prepared 
by d i s so lv ing me ta l l i c potassium (2 g . ) i n absolute 
ethanol ( l uu ml . ) j f o r s tudying the isomerisation, . A 
±u7 
syn thes i s of t e c t o r i g e n i n and i t s 7»4»-dimethyl 
ether"*" has now been achieved by the potassium e thox-
ide i somer isa t ion of 7 , 4 ' - d i b e n z y l - and 7»4'-dimethyl 
ethe r s of 5 , 7 , 4 • - t r ihydroxy-8-me tho xy i s of1avone 
(LXXX; R' = Me, R" = H, Ar = p-«0«€gH^). Farkas and 
Varady have a l so been successful i n syn thes i s ing 
irigenin"*-^^'^^^ (LXXXII; R» = Me, R" = H, Ar = 3 -
hydroxy-4,5-dimethoxy phenyl; and caviunin"^ ° (LXXXII > 
R* = Me, R" = H, Ar = 2 ,4 ,5- t r imethoxy phenyl) . 
Reactions of i sof lavonest 
Basic hyd ro ly s i s , oxidat ion and i somer i sa t ion 
of isof lavones have been discussed e a r l i e r . 
Isof lavones a re reduced i n presence of a 
c a t a l y s t t o give a v a r i e t y of r educ t ion products d e -
pending upon the nature of the c a t a l y s t and the so lvent 
used. Catalyt-ic reduct ion of isof lavones g ives i s o -
flavanones which i n some cases are fu r the r reduced t o 
furn ish i sof lav-3-enes or i so f l avans . 
- 4 8 -
,..^ v° > ^ ^ \ 
R' 
R" 0 
^ // 
LXXXIII LXXXIV 
38 King e t a l . on r e d u c t i o n of rauningin d ime thy l e t h e r 
(LX3CXIII; R = R» = R" = V = OMe, X = H) o b t a i n e d t h e 
c o r r e s p o n d i n g isofla:vanone (LXXXIV, R = R' = R" = Y = 
OMe, X = H ) . S i m i l a r l y homoferreirin"^-^"'- (LXXXI¥5 R = 
^ = OH, R« = H, X = Y = OMe) and padmakastein"*-^^ 
(LXXXIV; R = OMe, R» = X = H, R" = V" = OH), two n a t u -
r a l i s o f l a v a n o n e s , have been o b t a i n e d by c a t a l y t i c 
r e d u c t i o n of t h e c o r r e s p o n d i n g i s o f l a v o n e s . The r e d u c -
t i o n of s a n t a l t r i m e t h y l e t h e r (XXXII) and d a i d z e i n 
(XLIV) howef?er, 'gave 5 , 7 , 3 ' , 4 « - t e t r a m e t h o x y i s o f l a v a n 
(LXXXV) and equol"'--^^ ( X I I I ) . 
34 
MeO r^^S 
MeO 
^OMe 
^ ^ O M e 
LXXXV XIII 
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Isoflav-3-enes are obtained by reduction of isofla-
vones with lithium aluminium hydride. Various iso-
flav-3-enes have been synthesised by Bradbury and 
114 White and their oestrogenic activity has been 
studied. However reduction of isoflavone (LXXXVI) 
with sodium borohydride furnishes isoflavanols 
(LXXXYIDJ which are used in syntheses of compounds 
containing the ring system of pterocarpin and 
113 horaopterocarpin (LXXX¥III). 
L XXXVI 
HOV 
. ^ ^ \ 
HO 
HO 
Lxxxvn V 
0 
LXXXVIII 
The reaction with Grignard reagents also proceeds by 
lis 1,4-addition and 2,4-disubstituted isoflavan-4-ols 
14 
are obtained. In 1952 Narasimhachari and Seshadri 
reported that the. isoflavones may also be reduced by 
- 50 -
sodium metabisulphite but l a t e r on i t was disproved 
by Ramanijam and Seshadri. 
Exploitation of the Elbs persulphate oxidation 
of phenols has enabled Seshadri to introduce an addi-
t ional hydroxyl group para t o exist ing hyuroxyl groups 
in the isoflavone nucleus. Thus persulphate oxidation 
of 8-hydroxy-7-methoxy-» and 6»7-dihydroxy isoflavones 
gave 5,8-dihydroxy-7-methoxy and 5,7,8-trihydroxy 
isoflavones respect ively. 
Ortho-oxidation of isoflavones has also been 
achieved indi rec t ly . 6-hydroxy isoflavone gave the 
5-aldehyde with hexamine in acetic acid which by Dakin 
117 oxidation gave 5,6-dihydroxy Isoflavone. 
The phenolic hydroxyl groups of isoflavones can 
be acylated or alkylated. The r eac t iv i ty of the groups 
varies with the position at which they are present. 
Thus 7-hydroxyl group i s the most react ive presumably 
due to i t s greater ac id i ty (being para to the carbonyl 
group) and 5-hydro3<yl» being ortho to the carbonyl 
group, i s affected by hydrogen bonding and i s the l e a s t 
reac t ive . SHHydroxyl group can be methylated on pro-
longed action of methyl sulphate in a lkal i while other 
hyiroxyl groups are readi ly methylated by the same 
reagent in boil ing acetone in presence of potassium 
- 51 -
carbonate. Advantage of the different relative reacti-
vities of the phenolic hydroxyl groups has been fully-
taken in the preparations of partially acylated or 
43 
alkylated isoflavones. Thus prunetin (XXEIIJ R =Me) 
and santal"^-'-^'-'--^^ (LXXXIX; R = Me, R« = H, X = Y = OH) 
are prepared by p a r t i a l methylat ion of the appropr ia te 
polyhydrojQT i sof lavones . Fur ther methylat ion of s a n t a l 
gives 4 ' -methyl ether"^^" (LXXXIXj R = Me, R' =.H, X = i * 
OH, Y= OMe). 
LXXXIX 
Selec t ive methylat ion of l e s s r e a c t i v e hydroxyl 
group of the isoflavones can be brought about by benzyl-
a t ion of the r e a c t i v e groups and subsequent methylat ion 
of the l e s s r e a c t i v e group followed by debenzyla t ion . 
Thus 5-methyl e the r of g e n i s t e i n (LXXXIX; R = X = H, R' 
= Me, Y=: OH) has been obtained v ia g e n i s t e i n - 7 , 4 » d i -
benzyl ether-^^-'-*-^^^ (LXXXIX, R = CHgPh, R' = X = H, 
- 52 -
Y = OCHgPh). Synthesis of muningin (LII) has been 
achieved in a very interesting way from 5»6,7»4'-
tetrahydroxy isoflavone. The tetrahydroxy isoflavone 
on monomethylation gave the corresponding 7-methyl 
ether, which on acetylation under mild conditions 
yielded 6, 4'-diacetoxy-5-hydroxy-7-raethoxy isoflavone. 
This on complete methylation followed by hydrolysis 
123 gave muningin . The synthesis of muningin has also 
been achieved via dibenzoate instead of diacetate. 
Nuclear methylation of isoflavones can be 
brought about by the action of methyl iodide in 
48 «124 presence of sodium methoxide. 6-Position of the 
isoflavone nucleus has been found to be reactive. Thus 
7,4'-dimethoxy-^-methyl-5-hydroxyisoflavone * has 
been obtained by nuclear methylation of genistein. 
Dealkylation of alkoxy groups of isoflavones 
depends upon their position* the reagents, the solvent 
125 
and conditions of time and temperature. It has 
been discussed earlier that 7-hydroxyl group is the 
most reactive and 5-hydroxyl"is the least, towards 
alkylation. Dealkylation of the *5-alkoxyl has been 
found most easy and that of 7-most difficult as 
- 53 -
expected from the above findings. This behaviour 
of alkoxyl groups at different''positions has made 
possible the selective demethylation. Thus preferen-
tial demethylation of 5-methoxyl group in isoflavones 
has been brought about by aluminium chloride,in ether 
or in nitrobenzene *•*• or by boiling with concen-
trated hydrochloric acid. * 
Treatment of polymethoxy isoflavones with 
og 1 pi IQO 
hydrogen bromide in acetic acid * * or with 
hydriodic acid in acetic anhydride * * has been 
found to yield> under controlled conditions, Tnnethoxy 
isoflavones, but prolonged treatment leads to complete • 
demethylation and may be accompanied by isomerisation. 
Santal (LXXXIXJ R = M e , R ' = H , X = Y = : OH) has been 
synthesised by partial demethylation with aluminium 
bromide in nitrobenzene at room temperature. 
Aluminium chloride in hot benzene is reported 
to bring about complete demethylation without isomeri-
95 ' 
sation. The absence of isomerisation under these 
conditions is important and has been used in locating 
23 
substituents in tlatlancuayin, and in the syntheses 
of 5,7,2*-trihydroxy isoflavone and its deriva-
^^^g^63,67,95,13U-134 
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However, Whalley * has repor ted migrat ion of 
the methyl group from 8-posijtion t o 6-during deraethy-
l a t i o n with aluminium ch lo r ide and benzene, i n C-
methyl i so f lavones . 
Biosynthes is of isoflavones* 
The b iosyn thes i s of f lavonoids such as 
querce t in (XGII) and cyanidin (XCIH) has been s tud ied 
by feeding s u i t a b l e p lan ts with 14«-Ia1>elled p recu r -
T O R T Q£? 
sors. It has been suggested by Birch that the 
formation of the A ring involves the "head-to-tail" 
linkage of acetic acid with CQ precursors followed by 
ring closure. The Cg precursors are incorporated in 
the a ring -Co unit and are all derivable via the 
137 
carbohydrate-shikmic acid-prephenic acid route. 
These include phenyl alanine and derivatives of 
cinnamic acid such as caffeic and ferulic acids. The 
formation of the ring A from acetic acid has been 
further supported by feeding labelled acetates to 
plants and isolating flavonoids having labelled carbon 
138—X42 
atoms in the ring A. The incorporation of Cg 
143-145 precursor into the flavonoids such as quercetin 
(XGII) and cyanidin (XCIII) has been studied by feeding 
- 55 -
phenyl alanine labelled either on C. , Cg or €„ (XG) 
to various plants. Phenyl alanine has been found to 
give rise to cafTeic acid (XCI) and quereetin (3KIII) 
143 
which are s i m i l a r l y l a b e l l e d in the Co u n i t . 
A) 
/ \ N H 2 
=^00 OH 
XC 
*COOH 
XCI 
0. Ho/V^NL-yr 
A 
Ho 
OH 
B />0H W 
0 
XCII 
© 
0. Ho/VV 
A 
HO 
OH 
XCIII 
Formation of caf fe ic ac id from phenyl a lanine 
along with the flavone suggests c lose r e l a t i o n s 
between t he biosyntheses of cinnamic ac ids ' * 
15u and f l avones . Seshadri has suggested *he formation 
of chalkones as intermediates i n these b iosyn theses . 
The b iosyn thes i s of flavones can be represented as 
unders (The dot ted arrows imply t h a t d i r e c t t r a n s -
- 56 -
formations are not involved) . 
(0) 
Acetic acid > 
(0) 
/ \ 0 H 
(0) '6 
xcvi 
i 
I 
! 
V 
A 
B rA \ ^ ^ * - - B 
/ ^ 
^ 
/ % / 
B 
/ 
COOH 
XCV 
/ 
> / % / 
XCIV 
^v 
(0) ti 
XCVII 
The "biosynthesis of isof lavones has a lso been 
s tud ied in a s imi la r way. Phenyl a lanine (carboxy-14p) 
•was fed t o Trifol ium pratense a i ^ formononetin -was 
obtained having a l a b e l l e d carbon ((94^) i n p o s i t i o n -
4:,"^ x»xo ijhis shows the incorpora t ion of phenyl a l a -
nine with rearrangement in the b iosyn thes i s of i s o -
f l avones . The migrat ion of a ry l group hsLs been fu r t he r 
Ibl—lfc>3 
confirmed by feeding pher^rl a lanine having 
l a b e l l e d carbon atom in pos i t ion other than - 1. Thus 
2-(j.4^)-phenyl a lanine and 3-( 14 )-phenyl a lan ine gave 
formononetin having l a b e l l e d carbon i n pos i t i ons 3 (82^) 
- 57 ~ 
and 2 (965S; respectively. Biosynthesis of formononetin 
suggested by Grisebach is as under? 
*COOH 
XCVIII 
Acetate 
(0) ^ 
A 
OHtC 
(0) 
:c s / 
XCIX 
^ ^ x ^ 
(0) 
A 
(0) II 0 
CI 
^ ^ ^ 
(0) 
(0) 
KO) ft 
;c ^ ^ ^ 
Related migrations of aryl groups have been observed 
previously during the reaction of lead tetra-acetate 
j.54 
with flavanones, the dehydration of eatechin tetra-
155 
methyl ether and the rearrangement reactions of 
chalkone epoxides. The migration of aryl group 
from position 2 to 3 in isoflavone biosynthesis was 
speculated earlier * on the basis of above 
observations. 
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Tlie "biosyntliesis of isoflavones by a different 
route involving the formation of Cg intermediates, as 
suggested by Geissman et a.l.^^^~^^, was sulDseq.uently 
withdrawal and the result agreeing with Srisebach's 
findings were obtained. 
The CO-occuranee of flavones and isoflavones 
and examination of the structure of isoflavones and 
rotenoids suggest that they may be formed in plants 
by closely related biosynthetic routes. Grisebach and 
Ollis have proposed the biogenitic scheme, given 
below which inter-relates the cinnamic acids, coumarins, 
flavones* isoflavones and rotenoids. 
/ 
/ 
Cg Intermediates 
/ • 
Q CgPrecursor 
C XCIV . 
i 
w 
OH 0 
COOH Cinnamic 
ac i ds 
Chalkones 
CII cm CIV 
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CII 
I 
I 
cm CIV 
Pungenin 
Ephedrine 
Tropic acid 
Phenylethylamines 
etc. 
(0) 
/ \ (0) 
OH 
/ 
COOH 
CVI 
i 
Coumarins 
CV 
Flavbnoids 
Isoflavones 
CVIII 
(0) 
.0 
^^Y^o 
CIX 
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They suggested the formation of isoflavones 
(CVIII) from chalkones (CVII) through ani< epoxide 
intermediate as under s 
CVII 
CVIII-*-
HO ^ O H CHO 
OH ^ ^ (0) 
H0\7(0) 
CXIII 
•biological Activity of isoflavones8 
Interest in the physiological action of flavo-
noids and their application to clinical therapy has long 
been existed. The "vitamin P" activity of "rutin" and 
"hesperidin", bacteriostatic action of anthocyanin and 
- 6± -
Ghalkone» the insecticidal action of polyhydroxy 
flavone and chalkone on some isolated enzyme systems 
are some of the properties responsible for increasing 
attention. 
Until fairly recently there was no reason to 
of 
suspect that any isoflavone was^ particiilar biological 
interest. It -was only in the year 1941, after specta-
cular and sudden outbreak of infertility in sheep in 
large part of Western Australia that the isoflavone 
(especially genistein) was found to possess "oestro-
genic activity". 
Bradbury and White isolated from 4020 kg 
of clover (Trifolium subterraneum) formononetin 
(6.2 g.) and genistein (24.4 g.). The latter was 
shown to be the principal oestrogen and to be about 
—5 1±4 
±0 times as active as oestrone. These workers 
prepared a number of related compounds, some of which 
had much higher potency than genistein and they expres-
sed the opinion that genistein was a pro-oestrogen 
• 114 
rather than an oestrogen. Bradbury and White 
regarded a 5-^ydroxyl group as essential for activity 
164 
but Cheng found t h a t da idzein i s somewhat more 
- 62m-
active than genistein and biochanin - A, although 
formononetin i s much less act ive . A 2-alkyl subs t i -
tuent greatly reduced the ac t i v i t y probably as a r e su l t 
of d i s tor t ion of the coplanarity of the 3-pherQrl r ing 
with the chromone r ing , as indicated by models and by 
hypsochromic sh i f t in u l t r av io le t absorption off an 
114 isoflavone by the introduction of a 2-alkyl group. 
I t has-also been suggested t h a t the oestrogenic a c t i -
vi ty of isoflavones i s due t o s t ruc tura l re la t ions to 
the oestrogen s t i l b o e s t r o l . Gomparision of the s t r u c -
tures.of s t i lboes t ro l (CXIV) and daidzein (XLIY) 
i l l u s t r a t e s t h i s point. 
XLIV 
MeO ^ i ^ \ Me 
Et 
CXV 
S t r u c t u r a l s i m i l a r i t y of isof lavones and s t i l -
boes t ro l l e d t o the synthes i s of various isof lavones 
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as possible oestrogens ' . I t has "been shown that 
the isoflavene (CXV) has higher bestrogenic activity 
than genistein, due to its structural similarity to 
stilboestrol to a greater extent. 
The oestrogen present in alfalfa, strawberry 
clover and ladino clover has recently been identified 
165 
as the coumarinocoumarone, coumoestrol (CXVI). It 
is also structurally analogous to the isoflavones and 
isoflavenes. The methyl ethers show a reduced 
activity 166 
)/V VO HO 0. ^^^''\ 
V OMe 
CXVI CXV II 
1 A '7 
Virtanen and Hietala in 1958 found that the 
antifungal activity in red clover is due to formono-
netin (CXVII). This role of isoflavone is rather un-
expected and has not been explored. 
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The insecticidal and piscicidal activities of 
rotenoids are well known. Certain isoflavones show 
a higher fish poison activity than their flavonoid 
, 1 6 9 isomers. ^ 
D I_S C U S S I 0 W 
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Ethoxalylationt 
Although the ethyl formate-sodium synthesis 
has been of great value, i t s fa i lu re v/ith deoxyben-
zoins containing several free hydroxyl groups has been 
7u a severe l imi ta t ion . Baker et a l . in 1949 discovered 
an elegant ethoxalyl chloride synthesis in -which r ing 
closure can be carried out with deoxybenzoins contain-
ing several free hydroxyl groups. They reported tha t 
the 2-carbon atom could be furnished by ethoxalyl 
chloride and t ha t the isoflavone-2-carboxylic es ters 
formed in good yields are readi ly converted into i s o -
flavones by hydrolysis and decarboxylation. Theethoxa-
ly la t ion process has been much exploited for i s o -
flavone synthesis ani has now "become a method of choice. 
9v Baker et a l . in the year 1953 reported tha t 
the deoxybenzoin (CXVIII ; R = p - HO.CgH )^ when sub-
mitted to ethoxalylation process* gave 5 , 7 » 4 ' - t r i -
hydroxy-8-methoxy isoflavone (GXIX; R = p - HO.CgH )^ 
as the f ina l product. 
OMe OMe Q 
OH y OH 5 
CXVIII CXIX 
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This appeared to be the f i r s t recorded exam-
ple of the influenee of the condensing agent (ethoxa-
l y l chloride) in bringing about the cycl isat ion with 
'^-hydroxyl group instead of the more reactive 6-hydro«r^ 
xyl group. 
The s imi lar i ty in the behaviour of the methyl 
group in C-methyl phioroglueinol and C-methyl phloro-
acetophenone derivatives -with the methoxyl group in 
methylation and chromone r ing closure led us to inves-
t iga t e the ethoxalylation of deoxybenzoin having 
C-methyl phloroglucinol nucleus with a view to obtain-
ing isoflavone of 5,7»8-orientation of subst i tuents . 
A d i s t i nc t advantage x-fhich appeared in t h i s procedure 
was t h a t of dispensing with the intermediate step of 
dealkylation. The usual dealkylating agents hydriodic 
and hydrobromic acids have been shown to bring about a 
32.71 par t i a l change of orientat ion from 5 ,7 ,8- to 
5,6,7-positions thus neeesslating the cumbersome sepa-
ra t ion of the isomers. Even with mild dealkylating 
agent, alTiminium chloride in dry benzene, the change 
32 71 of orientat ion ' has been reported. 
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It was from these considerations that 2,4,6-
124 
tr ihydroxy-3-methyl deoxybenzoin (0XX) 
for s tudy . 
was s e l ec t ed 
The deoxybenzoin (CXX) was condensed with 
e thoxalyl ch lo r ide and a gummy mass was obtained on 
subsequent work up. The gummy mass on repeated' c r y s -
t a l l i s a t i o n s from benzene and methanol separa ted in to 
two d e f i n i t e carbethoxy isoflavones (CXXI-a and CXXE-b) 
one of which was more soluble and had m.p.179.5-180.5° 
and the other was l e s s soluble and had m.p.243-244°C. 
Both the isoflavones gave pos i t i ve sodium amalgam t e s t . 
HO 
CH. 
OH 
CH2-
OH '^  0 
\ ^ 
CXX 
HOr V >iCOOEt 
OH 5 
^ // 
T^COOEt 
CXXI-a CXXI-b 
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CXXI-a CXXI-b 
CH3n 
HO 5 
CXXII-a 
CHaOr^V' \ 
CH3O 5 
0. 
HOr^^^s/ \ 
CH3O 
CXXIII CXXIV 
Carbethoxy isoflavone m.p.179.5-180.5° (CXXI-a)t 
The carbethoxy isoflavone (CXXI-a or GXXI-b) 
m.p. l79.5-±8u.5° was hydrolysed t o give the c o r r e s -
ponding carboxy isoflavone m.p.'dSS" (decomp.) which on 
decarboxylat ion both by heat ing above i t s melting p o i n t , 
as well a s , with copper bronze produced t h e same hydrojQr 
isoflavone (CXXII-a orCXXII-b) m.p.189-51°. The 
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hydroxy isoflavone on complete methylation with methyl 
sulphate-potassium carbonate-acetone gave the methyl 
ether of the isoflavone m.p.168-160°, This was i d e n t i -
fied as 5,7-dimethoxy-8-inethyl isoflavone (CXXIII) by a 
mixed melt with an authentic sample of the isoflavone 
prepared by two unequivocal syntheses and i s recorded 
here for the f i r s t t ime. I t was synthesised from 
ii-hydroxy-4,6-^imethoxy-3-methyl deoxybenzoin (CXXV) 
hj condensation with sodium and ethyl formate in one 
case and in the other case on treatment with ethoxalyl 
chloride. In ethoxalylation process a thick o i l was 
obtained on usual work up, which even on repeated 
attempts could not be c rys ta l l i sed . The product was 
therefore subjected t o dehydration with g lac ia l acetic 
and hydrochloric acids by heating on a water bath for 
half an hour. After dehydration i t was readi ly obtained 
in crys ta l l ine form from methanol. The c rys ta l l ine 
product on hydrolysis gave carboxy isoflavone m.p.220-
221 together with some unreacted deoxybenzoin. The 
acid on decarboxylation gave 5,7-dimethoxy^-methyl 
isoflavone (CXXIII) m.D.158-j.60°. 
CH3 
CXXIII >',^'i^^^^'-fy^^^'^^ L I CHgPh ^f,^ '^r" T - - c x x m 
uAAiix („j Hydrolysis \ / \ / ^^ ^^ ^ formate 
(iii) Decarboxylation CHoO ^ 
CXXV 
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I t i s suggested t h a t the "thick o i l obtained on 
e thoxa ly la t ion of the deoxybenzoin (CXXV) may be 
2-^ydro3Qr isoflavanone d e r i v a t i v e which on dehydration 
would give the e a s i l y c r y s t a l l i s a b l e corresponding 
isoflavone d e r i v a t i v e . This suggest ion of the probable 
formation of the isoflavanone d e r i v a t i v e i s in l i n e 
with t h e f ind ings of Baker e t aL. who have repor ted 
t h a t i n case of 2-hydroxy-4,6-diinethoxy deoxybenzoin 
the primary product of the r e a c t i o n v/as 2-hydroxy-5,7-
dimethoxy isof lavone. 
Carbethoxy isoflavone m.p.243-244° CGXXI-b)t 
The carbethoxy isoflavone (CXXI-b) m.p.243-
244° was hydrolysed t o give the corresponding carboxy 
isoflavone m.p.28x-282° (decomp.) which on decarboxyr-
l a t i o n yie lded the hydroxy isoflavone (CXXII-b) 
m.p.225-227°. This was p a r t i a l l y methylated with 
methyl su lphate-potass i\am carbonate-acetone aM the 
product obtained was c r y s t a l l i s e d from l a rge voliame 
of methanol as l i g h t ' y e l l o w needles . These needles 
f i r s t changed i n t o c l u s t e r s of f ine needles a t 150° 
and f i n a l l y melted a t 170-172°. The isoflavone gave 
an in tense green co loura t ion with a lcohol ic f e r r i c 
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c h l o r i d e . I t was cha rac t e r i s ed as 5-hydroxy-7-methox3'"-
6-methyl isoflavone (CXXIV) by i t s melt ing and mixed 
melt ing points with an au then t i c sample. The au then t ic 
sample was prepared by the methylat ion of 5,7-dihydroxy 
isoflavone (CXXVI) by means of methyl iodide in metha-
nol containing sodium methoxide. * * The complete 
methylat ion of 5-hydroxy-7-methoxy-6-methyl isodflavone • 
(CXXIV) obtained by e i t he r method with methyl su lphate 
( l a rge excess) potassium carbonate-acetone d u r i n g , s i x t y 
hours gave 5f7-dimethoxy-6-methyl isof lavone (CXXVII) 
melt ing and mixed melt ing point 149-150°. I t gave a 
negative t e s t with a lcoho l i c f e r r i c c h l o r i d e . 
HO ^ v' .0. 
HO e) 
CXXVI 
^ // ->- CXXIV 
CH30 
- CH3 
< ^ \ 
% /y 
CH30 I 
CXXVII 
Further confirmation as to the structure of 
6-isomer was furnished by alkaline degradation followed 
by ethylation. The alkaline degradation of (CXXVII) 
gave 6-hydroxy-k;,4-dimethoxy-3-methyl deoxybenzoin 
(CXXVIII) converted by ethylation into' 6-ethoxy-2»4-
dimethoxy-3-methyl deoxybenzoin (CXXIX) m.p.65°, which 
was indentified with a specimen prepared by the methyla-
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t i o n of 6-ethoxy-2»4-dihydro:Qr-3-methyl deoxybenzoin 
(CXXX) m.p.li:i8-±3u°, obtained by the Hoesch condensa-
170 t i o n of 4-ethoxy-2>6-diliydroxy to luene and benzyl 
cyanide. The deo^benzoin was a l so obtained by the 
monoethylation of 2,6-<iihydroxy-4-methoxy-3-methyl 
deoxybenzoin (CXXXI) m.p.165-67° followed by methyla-
t i o n . 
CH3 
CHoOf^OCHa 
0 
CH2 
OH '' 
CXXVIII 
CH3 
H O f i ^ O H 
CXXX 
CH3 
OH J5 
CH2 
^ ^ 
H5C2O 5 
w 
CHoO 
CH3 
CHaOf^^OH 
H5C20 5 
CXXXI CXXXI I 
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The m e l t i n g p o i n t s of 6 - and 8-methyl i s o f l a -
vones and t h e i r i n t e r m e d i a t e s r e c o r d e d h e r e (Tab le I I ) 
excep t f o r t h e t o t a l l y me thy la t ed i s o f l a v o n e l end 
f u r t h e r s u p p o r t t o t h e o b s e r v a t i o n t h a t 6-methyl d e r i -
v a t i v e s me l t h i g h e r t h a n t h e c o r r e s p o n i i n g 8-methyl 
d e r i v a t i v e s » an o b s e r v a t i o n vdiich ho lds good n o t 
on ly i n t h e c a s e of t h e m a j o r i t y of i s o f l a v o n e s b u t 
a l s o i n t h e e a s e of chromone and t h e f l avone s e r i e s 
as ev idenced by t h e appended t a b l e I I I be low. 
T_A B L E - I I 
8-Methyl- M.P. 6 -Methyl • M.P. 
2-C a r b e t h o x y - 5 , 7 • 
d i h y a r o x y - 8 -
m e t h y l -
2 -Carboxy-5 ,7 -d i -
hydroxy-8-me t h y l • 
5 » 7 ^ i h y d r o x y - 8 -
n ^ t h y l -
5 , 7 € ) i m e t h o x y - 8 -
me thy l -
± 7 9 . 5 - 2 -Ga rbe thoxy -5 ,7 -d i 
x8o. 5 ° . hydro xy-6 -me t h y l -
265° 2 - € a r b o x y - 5 , 7 - d i -
(decomp.) hydro xy-6 -me t h y l -
189-191° 5 ,7 -Oihydroxy-€ -
m e t h y l -
i59-16u° 5 ,7^Dimethoxy-6-
m e t h y l -
243-244° 
281-282° 
(decomp.) 
225-227° 
149-150° 
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T A B L E - I I I 
8-Methyl-
Flavones 
b ,7 -D ihydr o xy -8 -
methyl-
(S-Methyl chrys in) 
M.P. 6-Methyl-
255-256° 5 , 7 ^ i h y d r o x y - 6 -
methyl-
(6-Methyl chrys in) 
M.P. 
308-310° 
Chromones 
2,8-Dimethyl-5,7- 235-237'^ 
dihydroxy-
( I soeugen i to l ) 
2,8-Diiaethyl-5- 148-149^ 
hydr o xy-7-methpxy-
( I soeugen i t in ) 
2 ,6- i ) imethyl-5 ,7- 274-276° 
dihydroxy-
(Eugeni tol ) 
2,6 -D imethyl -5 - 161 -16 2° 
hydr o xy-7-me tho xy-
(Eugenetin) 
Isof lavones 
5 ,7 ,2 ' -Tr imethoxy-S- 18u° 
methyl-
5,7,4«-Trimethoxy-8- 181-183'^ 
methyl- & iSu^ 
5 -Hydroxy-7,4 • -di - 164 -i.66° 
raethoxy-8-methyl- & x67° 
5 ,7 ,4 ' JTr ihydroxy-S- 231-232° 
methyl-(8-Methyl & 252° 
gen i s t e in ) 
6,7,2«-^rimethoxy-6- 220^ 
methyl-
5,7,4 • -^rimethoxy-6 
methyl-
5-fiydroxy77,4'-di-
me th 0 xy -^ -me t h y l -
- 169' »=!« 
20U-202° 
& 169° 
5 ,7 ,4 ' -Trihydroxy-6 - 276 -278° 
methyl -(6 -Methyl 
gen i s t e in ) 
•The only except ion noted is in the case of completely 
methylated methyl g e n i s t e i n . 
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The dual course of r i n g c losure i n C-Me-bh5 
deoxybenzoin f i nds an explanat ion on a c lose examine 
t i o n of the mechanism of t h e e thoxa ly la t ion process . 
According t o the probable mechanism a l l 
the phenolic hydro3^1 groups of the deoxybenzoin 
(CXXXIII; excepting one of the ortho t o t he carbonyl 
group are e thoxalyla ted g iv ing an intermediate (CXXXIV; 
R = COO E t . ) a f t e r Cre thoxa ly la t ion of the r eac t i ve 
methylene group. 
HO r / \ o H , . R.CO.Or^ OH 
COR 
1 
OH 0 RC0.0 ^ 
CXXXIII CXXXIV 
Deoxybenzoin having C-methyl p h l o r o g l u c i n o l 
nuc l eus (CXX) i s however expec ted t o g i v e two i n t e r -
med ia te s (CXXXV-a and CXXXV-b; R = COO E t . ) r e s u l t i n g 
t h e r e b y i n t h e f o r m a t i o n of an i somer i c mix tu re of 
i s o f l a v o n e s of 5 , 7 , 8 - and 5 , 6 , 7 - o r i e n t a t i o n s . 
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CH3 
HOf^^OH 
P 2 - - ^ A 
HO 5 
^ cxx 
CH3 
RCOOf^N OH f R 
CH 
.R.CQO 5 
^ /^ 
9^3 COR 
RCQOf<^ ^OCOR 
CXXXV-a CXXXV-b 
The fo rma t ion of t h e above two i somers may 
a l s o be e x p l a i n e d by t a k i n g i n t o c o n s i d e r a t i o n B a k e r -
Venkataraman t r a n s f o r m a t i o n d i i r ing e t h o x a l y l a t i o n . 
74 Gupta and S e s h a d r i sugges t ed t h e p robab le s t e p s of 
t h e mechanism a s , ( i ) e t h o x a l y l a t i o n of a l l t h e phenol ic 
hycLrosQ^l groups and ( i i ) Baker-Venkataraman t r a n s f o r m a -
t i o n i n p re sence of a weak base such as p y r i d i n e 
r e s u l t i n g i n C - e t h o x a l y l a t i o n of t h e r e a c t i v e methylene 
group of t h e deoxybenzoin . Such a t r a n s f o r m a t i o n has. , 
a l r e a d y been e s t a b l i s h e d as t a k i n g p l a c e w i t h g r e a t 
81 
ease f o r o t h e r 0 -acy loxy deoxybenzo ins . With t h e 
above t y p e of deoxybenzoin two i somer ic i n t e r m e d i a t e s 
may presumably be formed by Baker-Venkataraman t r a n s -
f o r m a t i o n of c a r b e t h o x a l y l groups b o t h o r t h o and p a r a 
t o t h e methyl g r o u p , t h u s making a v a i l a b l e b o t h t h e 
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al ternat ive hydroxy! groups {2 and 6) for isoflavone 
r ing closure. The s t e r i c acceleration by the methyl 
group v^ich crowds the carbethoxalyl ortho to i t may 
be responsible for the formation of 8-isomer in greater 
amount. The steps of t h i s mechanism are shown below. 
HOf^^OH 
CH' 
H '6 
cxx 
CH3 
RCOO ^  OH 
COR 
CH 
^ ^ 
RCOO 11 0 (R =C00Et) 
CH3 
R.COO|^ JjOCDR 
- ^ L I CH' 
R COO 5 (RrCOOEt) 
CXXXVI 
RCOO 
(R=COOEt) 
CXXXV-a CXXXV-b 
The behav iou r of C-inethyl deoxybenzoin i n t h e 
ethoxalylation proceste is para l le l t o t ha t of C-methyl 
171 172 phloroacetophenone in Allan-Robinson * coiadensa-
t ion in so far as the production of compotinds of both 
the orientations is concerned but differs from i t in 
quanti tat ive aspects. I t has been emphasised t ha t 
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both the phenolic groups (2 ard. 6) in C-methyl phloro-
acetophenone during Allan-Robinson condensation show 
eq_ual reactivity thus resulting in the formation of ' 
the two isomers in almost equal amounts. 
After the completion of this work we came 
across a generalisation made by Mukerjee and 
98 Seshadri that the 6-methyl compounds result if iso-
flavone synthesis is conducted at o''. The generalisa-
tion vms partly based upon the synthesis of 5»7-di-
hydroxy-6 -methyl-4' -methoxy isoflavone ' (CXXXIX j 
H) from 
2,4 ,6 - t r ihydroxy-3-methyl-4 • -me thoxy deoxybenzoin ' 
(GXXXYIi; R = Me, R' = p-MeO.CgH^) using e thoxa ly la t ion 
process . I n the l i g h t of our f indings and the explana-
t i o n advanced for i t s suppor t , the exclus ive formation 
of the 6-isomer appeared inconceivable and the re fo re 
the e thoxa ly la t ion of the deoxybenzoin (GXXXYII5 R = 
Mej R' = p-MeO.G-H.) was r e i n v e s t i g a t e d . 
^ ^ R 
R = Me, R' = p-MeO.GgH^, R" = R"' = R"" 
R 
H 0 / \ OH 
OH 5 
CXXXVII 
CH2R' 
11 
0 
CXXXVIII 
R""0 g 
CXXXIX 
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±73 Mehta and Seshadri found t h a t t he deoxy-
benzoin (CXXXVII; R » Me, R' = p - MeO.CgH^) on conden-
s a t i o n with e thoxaly l ch lo r ide gave a product 
m.p.176-178° and assigned the s t r u c t u r e as e thy l 5 , 7 -
dihydroxy-4' -methoxy-6-methyl isoflavone^2-car 'boxylate 
(CXXXIXj R = Me, R' = p-MeO. CgH^, R" = COg E t , R"» = 
R"" = H)« The carbeth03Qr isoflavone was hydrolysed t o 
give the corresponding carboxy isoflavone (mel t ing 
po in t not repor ted) (CXXXIX5 R = Me, R' = p-MeO.CgH^, 
R" = COJH, R"' = R"" = E), The oniKg crude carboxy 
isoflavone on decarboxylat ion a t 275° gave an i s o -
flavone m«p»21u-212°. I t was cha rac t e r i s ed by them 
as 5,7-dihydroxy-4•-me tho xy-6-me t h y l i s oflavone 
(CXXXIXJ R = Me, R« = p-MeO.CgH^, R" = R"' = R"" = H; , 
by p a r t i a l methylation t o 5-iiydroxy-7,4'-dimethoxy-6-
methyl isoflavone (CXXXIXj R = R"' = Me, R' = p-^eO. 
CgH^, R" = R"*' = H ; and by comparing i t with the 
48 nuclear methylation product of g e n i s t e i n . 
We have now found the product m.p.l76-178° t o 
be a mixture of the two isomers. I t was, however, 
resolved by repeated carefu l f r a c t i o n a l c r y s t a l l i s a -
t i o n s from benzene-methanol i n to two d i s t i n c t products 
melting a t 199-2ui° and 2Ui-203°. The mixed melt ing 
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point of the two isomers was found to be 172-173°. 
The carbethoxy isoflavone m.p.199-201° on 
hydrolys is i n t he usual manner gave the corresponding 
carboxy isoflavone m.p.280-281°, which on subsequent 
decarboxylat ion yie lded an isoflavone m.p.235-236°. The 
l a t t e r was cha rac t e r i s ed as 5,7-dihydroxy-4'-methoxy-
8-methyl isof lavone (CXXXVIII; R = Me, R' = p-MeO.CgH^, 
R" = R"« = R"" = H) by i t s complete methylat ion to 
5,7,4«-trimethoxy-8-methyl isoflavone m.p.180°(CXXXVIII ; 
R = R'" = R."'« = Me, R' = p-^leO.CgH^, R" = H) which did 
not depress the melt ing point on admixture with a 
syn the t i c s tandard prepared according t o Whalley. 
The carbethoxy isoflavone m.p.201-203° 
(CXXXIX; R = Me, R» = p-MeG.GgH^J R" = GOg E t . R" • = 
R"" = H) on s imi l a r t rea tment as descr ibed e a r l i e r , 
y ie lded the corresponding carboxy isoflavone m.p.288-
291° (CXXXIX5 R = Me, R' = p-WeO.CgH^, R" = COgH, R"' 
_ i^ nii _ H> and then an isoflavone m.p.260-263°. I t 
was charac te r i sed as 5,7-dihyiroxy-4•-methoxy-6-iiiethyl 
isoflavone (GXXXIX; R = Me, R' = p-MeO.CgH^, R" = R" • = 
R"" = H) by i t s t o t a l methylation t o 5 ,7 ,4«- t r i raethoxy-
6-methyl isof lavone (GXXXIX J R = R"« = R"" = Me, R' = 
p-44eO.GgH^), m.p. and mixed m.p.169°. 
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Thus the e thoxa ly la t ion of t he deoxybenzoin 
(CXXXVII5 R = Me, R' = p4-4eO.CgH^) r e s u l t i n g i n the 
formation of an isomeric mixture of isoflavones lends 
support to our f indings and i s not i n agreement with 
the re s t i l t s of Mehta and Seshadr i . The higher . 
melt ing points of 6-isomer and i t s in termediates 
(except the f u l l y methylated isof lavone) than t h e , 
corresponding-8-fflethjrl de r iva t ives (Table I ¥ ) are a l so 
i n good agreement with t he previous observat ions ±32 
T A B L E - IV 
8 d i e t h y l -
2 -C a r b e t h o x y - 5 , 7 -
dihydroxy-4« -
methoxy-8-me t h y l -
2 - C a r b o x y - 5 , 7 -
d i h y d r o x y - 4 « -
me thoxy-8-me t h y l -
5 , 7 - d i h y d r o x y - 4 ' -
me thoxy-8-me t h y l -
5 ,7 »4' - t r i m e t h o x y -
8 - m e t h y l -
M.P, 
l 9 9 - 2 u l ° 
28u-28x° 
235--^36° 
i8u° 
6 44e thYl-
2-C a r b e t h o x y - 5 , 7 -
d i h y d r o x y - 4 ' -
me th 0 3!y-6 -me t h y l -
ki -Carboxy-5,7-
d i h y d r o x y - 4 ' -
me thoxy-6 -me t h y l -
5,7-dihydr03Qr-4« -
me thoxy-6 - m e t h y l -
5 ,7 ,4» - t r i m e t h o x y -
6 -inethyl -
M.P. 
2Ul-203° 
288-291° 
260-263° 
,169° 
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Our f indings were fu r t he r confirmed "by the 
inves t iga t ion of another deoxybenzoin of s imi la r 
type . 2 j4 ,6 -Trihydroxy-3-methyl - 2 ' -methoxy deoxy-
benzoin^"^ (CXXXVII 5 R = Me, R' = o-MeO.CgH^) on 
e thoxa ly la t ion gave a gummy product which could not 
be obtained in the c r y s t a l l i n e form. The crude 
product ^•/as, t h e r e f o r e , completely methylated -^ Arith 
methyl siilphate and potassium carbonate in acetone. 
On subsequent work up and repeated f r a c t i o n a l c r y s -
t a l l i s a t i o n s from benzene-petrol and then with ethanol 
the methylated product separated in to two c r y s t a l l i n e 
products melting a t 155-157° and 160-162®. The 
methylated carbethoxy isoflavones melt ing a t 155-157® 
and 160-162® gave on hydrolys is and decarboxylat ion 
methylated isoflavones m.ps.180-182° and 220® r e s -
pec t ive ly . The isoflavone m.p.180-182® has been 
charac te r i sed as 5 ,7 ,2 ' - t r imethoxy-8-methyl Isoflavone 
(CXXXVIII ; R = R"' = R"" = Me, R' = o-MeO.CgH^, R" = H) 
and t h a t m.p.220® as i t s 6-methyl isomer (CXXXIX; R = 
R"« = R"" = Me, R' = o-MeO.CgH^, R" = H) by melt ing 
and mixed melting points v/ith syn the t ic s t andards . 
All the intermediate compounds i s o l a t e d are recorded 
in t a b l e V. 
- 83 -
T A B L E 
8-!4ethyl- M.P. 6-Methyl- M.P« 
2-Carbe thoxy-5 ,7 ,2 ' - 155-157° 2-Carbe-thoxy-5,7,2 '- '160-162° 
triraetJioxy-8-methyl- t r imethoxy-6-methyl-
2-Carboxy-5 ,7 ,2 ' - 241-242° 2-Carboxy-5 ,7 ,2 ' - 222-224° 
trimetho3Qr-8-methyl- t r imethoxy-6^nethyl-
5 ,7 ,2 ' - f r imethoxy ±8u-l82* 5,7 ,2 ' -Tr imethoxy- 220° 
-8-methyl- -6-methyl-
92 Baker e t a l . r epor t ed , as has a l ready been 
pointed ou t , t he formation of t - t e c t o r i g e n i n (XCLI > 
R = Y = OH, R' = OMe, X = Z = H) as the so le product 
of r e a c t i o n of the deoxybenzoin (XCL j R = Y = OH, R' = 
OMe, X = Z = H) with e thoxalyl c h l o r i d e . However, 
•sdien t he deoxybenzoin (XCL; R = X = OH, R» = Y = Z = 
OMe> v;as t r e a t e d with e thoxalyl ch lor ide two isomeric 
72 products were formed. This mixture of i r i g e n i n 
(XCLIi; R = X = OH, R« = Y = Z = OMe) and f ' - i r i g e n i n 
(XCLi; R = X = O H , R ' = Y = Z = OMe) was separa ted by 
chromatography on th i ck paper. The formation of mix-
t u r e of I r i g e n i n l ed them t o r e i n v e s t i g a t e the r e a c -
'92 t i o n c a r r i e d out e a r l i e r . I t was shown t h a t the 
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deoxybenzoin (XCL 5 R = Y = OH, Jl' = OMe, X = Z ='H) 
and ethoxalyl chloride do in fact give two products 
which have yielded tectorigenin (XCLII ; R = Y = OH, R' 
= OMe, X = Z = H) and ^ -tectorigenin (XCLI j R = Y = 
OH, R' = OMe, X = Z = H). These resiats disprove their 
92 generalisation, that ethoxalylation of the de03Qr-
« 
benzoin of the type (XCL) yie lds2-carbethoxy isoflavone 
(c f . XCLI) with an exclusive 5 , 7 , 8 - o r i e n t a t i o n of 
73 s u b s t i t u e n t s . I n some other e thoxa ly la t ion e x p e r i -
73 
ments which have been ca r r i ed out (eg . r eac t i on of 
XGL; R = R ' = OMe, X = Y = Z = H) or [(XCL 5 R = R« = Y 
= OMe, X = Z = H) with e thoxalyl chlor ide)] , the 
products i s o l a t e d have 5 , 6 , 7 - o r i e n t a t i o n (cf .XCLII) . 
S imi la r ly t h e deoxybenzoin (XCLIII) with e thoxalyl 
R 
R' 
rA OH 
HO 5 
XCL 
pH2 
^ ^ 
R/VN 
R 
OH g 
^ ^ 
XCLI XCLII 
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chloride gave caviunin (XCLIV) -without i t s isomer 
in detectable amoiints. Dyke, Oll is and Sainsbury 
are of the opinion tha t the r e l a t ive amounts of the 
two possible products, which could be formed from a 
deoxybenzoin of the type derived from i r e t o l are 
controlled by subtle kinet ic features . 
H 0 / \ OH CHoO 
CH3OVV/ 
OH 
C^2-\ y^ OCHa 
.0. 
HO 
CH30 
v^^  
OH 0 
CH3 
0 
^ ^ 0 C H 3 
^ ~ t C H 3 
XCLIII XCLIV 
I t has been our experience which leads us to 
believe t h a t paper chromatographic technique may not 
be considered as in fa l l ib le in establishing the 
presence of two isomers in cer ta in cases. We have 
found t ha t Rf values of the isomeric 5,7-dihydroxy-2'-
methoxy-S-methyl-jand 5,7-dihydroj^-2'-methoxy-6-
methyl-isoflavones (solventJbutanol, acetic acid, 
water - 6u, l u , 2u by volume), 5-hydroxy-7-methoxy-8-
methyl-, and 5-hydroxy-7-inethoxy-6 -methyl-isoflavones 
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(solventstoenzene, ace t i c a c i d , formic a c i d , water -
8 , 2 , 1 , J. by volume) and 5-hydroxy-7,8-dimethoxy-, 
and 5-iiydroxy-6,7-dimethoxy isoflavones ( so lven ts 
benzene, ace t i c a c i d , formic ac id , water - 8 , 2 , 1 , 1 by 
voliime) are i d e n t i c a l . This encourages us t o suggesii 
t h a t t h i s might be t h e case with the f ind ings of 
69 73 
Dyke e t a l . and Baker e t a l . when the 6-isomer 
has been reported t o be t h e sole product of e thoxa-
l y l a t i o n process . 
Acetyl ch lo r ide -pyr id ine method? 
Mehta and Seshadri"*" reported t h e syn thes i s of 
2,6-dimethyl-5,7-dihydroxy isoflavone and i t s 4 ' -methyl 
e ther by t h e use of ace ty l ch lor ide and pyridine follow-
ed by re f lux ing the product with aqueous sodium ca rbo -
n a t e . The work evoked i n t e r e s t due t o f o l l o m n g c o n s i -
d e r a t i o n s . 
( i ) The mechanism of isoflavone formation with 
ace ty l chloride-pjrr idine followed by ,treatment with 
aqueous sodium carbonate appeared t o be s imi l a r to 
t h a t of e thoxa ly la t ion process and t he r e fo re the 
formation of both t he isomers of 5,6,7-ard. 5 , 7 , 8 -
o r i e n t a t i o n s was a n t i c i p a t e d . This view f inds fu r the r 
- 87 -
74 
support from the work of Gupta and Seshadri where 
they have pointed out that with both of these reagents 
isoflavone formation is preceded hy very facile 
'Baker - Venkataraman transformation. 
(ii) There appeared to be an inconsistency in 
98 the generalisation and the observation upon which 
±73 it is based as the essential step of the reaction 
did not appear to occur at u°. 
As far as the mechanism of isoflavone formation 
with acetyl chloride is concerned it is apparent from 
i.73 the work of Mehta and Seshadri that it involves, 
(i) acetylation^f all the phenolic groups (ii) G-ace-
tylation resulting in the formation of a diketone and 
(iii) deacetylation followed by eyclisation involving 
only 6-hydroxyl group. Later it was realised that 
the intermediate compounds reported earlier to be such 
x73 C-acetyl derivatives were really 0-acetyl 
74 
compounds which undergo a very facile Baker -
Venkataraman transformation and isoflavone ring closiire 
with carbonate under either aqueous or non-aqueous 
conditions. 
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I t appeared therefore tha t the use of acetyl 
chloride-pyridine method with deoxybenzoins having 
C-nethyl phloroglucinol nucleus should lead to the 
formation of 6 - and 8-methyl isomers. The course of 
the reaction may depend upon the reagent employed for 
bringing about Baker-Venkataraman trans^formation. 
In case of anhydrous potassium carbonate-acetone as 
the reagent for transformation the mechanism may be 
quite similar to tha t postulated in ethoxalylation 
process. Aqueous sodium carbonate on the other hand 
i s expected to give r i s e t o only one intermediate 
(hydroxy diketone) having both the a l ternat ive hydroxyl 
groups available for cycl isa t ion . Consequently the 
formation of the same isomeric isoflavones may take 
place e i ther during the base treatment or during 
subsequent acidif icat ion. In t h i s the greater r e a c t i -
vity of the 6-hyiroxyl may be responsible for the 
formation of 6-isomer in greater amount, which has 
actually been found to be the case by us . The greater 
r eac t iv i ty of the 6-hydroxyl may be due t o the s t e r i c 
hindrance tha t the methyl group exerts on the cyc l i sa -
t ion atSg. The reason for the formation of only one 
intermediate may be assigned to Baker - Venkataraman 
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transfornia"bion accompanied with simultaneous deace-
tylation of all the remaining groups, -which may not 
he the case with anhydrous potassium carbonate-
acetone. The various possible steps involved in 
the mechanism are shown belowt 
HO 
Me 
K 
OH 
OH 
CHoPh CH3COCI 
Me 
AcOr^^OAc 
0 
C5H5N OAc g 
CH2Ph Or 
Me 
A c O ^ O A c ? ° ^ " 3 
CHPh 
AcO j!) 
cxx XCLV-a XCLV-b 
BAKER-VENKATARAMAN TRANSFORMATION 
(Aqueous Sbdium carbonate) 
Me 
H O r ^ O H ^ ° ^ ^ 3 
s.^  .i CHPh 
XCLVI 
(Potassium carbonate-acetone) 
AcO 
Me \ COCH3 
I 
CHPh 
Me 
A c o / \ o A c 9 ' ^ ^ ^ 3 
AcO ^ 
RO 
XCLVII-a 
Me 0 
/ \ ^ \Me 
OH 'i 
XCLVII-b 
CHPh 
W 
OR 5 
Ph 
ROf^ 
Me 
\ M e 
Ph 
XCLVIII-a XCLVIIl-b XCLVm-a 
OR' 6 
XCLVni-a 
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The above arguments necessiated the rein-
vestigation of isoflavone formation with acetyl 
chloride-pyridine. The deoxybenzoin (CXX) on 
treatment with acetyl chloride-pyridine at 0° and 
subsequent work up as described by Mehta and 
173 Seshadri gave only one product. The structure 
173 (XCL¥-b) was originally assigned but later 
74 
revised to (XCLV-a). The acetylated deoxybenzoin 
on refluxing with aqueous sodium carbonate followed • 
by acidification gave a precipitate which crystalli-
sed from alcohol as colourless needles,m.p«220-225°. 
173 
Mehta and Seshadri have reported its m.p.249-251° 
and characterised it as 2*6-dimethyl 5,7-dihydroxy 
isoflavone (XCLVIII^s; R = R» = H) by preparing its 
7-iiKthyl ether m.p. 188-190°. The product m.p.220-
225° suspected to be an isomeric mixtiore separated 
on monomethylXation into two products melting at 
188-190° and 131-132°. The former agrees with the 
melting point of the e-isomer"^ *^ ^ (XCLVIII-b; E = Me, 
R' = H ) , but for the latter (8-isomer) the reported 
ol24 
melting point is 151-153 . Repeated attempts by 
crystallisation to raise the m.p.131-132° to 151-153° 
proved fruitless. The expected .mixbiire of the two 
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isoflavones on complete methylation separated into 
two fractions (methanol) melting at 176-177° and 
184-186®. The latter agrees well with the melting 
124 point of 2»8-dimethyl-5>7-dimetho}Qr isoflavone 
(XCLVIII-a; R = R« = Me). The melting point of the 
completely methylated product of 6-isomer, which has 
already been characterised at the partial methylation 
stage is however not reported in the literature. 
Thus in the case of acetyl chloride-pyridine 
method also we have Qot definite reasons not to 
98 173 
agree with the statement and the work, because* 
of the formation of both the isomers of 6- and 8-
orientations (6-isomer in greater amount) and the 
fact that the essential step of the reaction is not 
conducted at 0°. 
Acetic anhydride-sodium acetate? 
In connection with nuclear methylation 
124 
studies in hydroxy isoflavones, lengar et al. in 
view of the greater reactivity of the para hydroxyl 
to methyl group, attempted the synthesis of 2,6-
dimethyl-5-hydroxy-7-methoxy isoflavone (XCL¥III-b'; 
R' = H, R = Me) by the vigorous acetylation of the 
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deoxybenzoin (CXX). It should be mentioned here 
124 that this work was carried out by lenger et al. 
173 before Mehta and Seshadri claimed the use of 
acetyl chloride-pyridine method for the exclusive 
formation of the 6-isomer. Contrary to their 
expectations they got the product of 8-orientation. 
Similar was the case when the deoxyben25oin (CXXXYII >' 
R = Me» R' = p- MeO.CgH^) was submitted to acetic 
173 
anhydride and sodium acetate synthesis. These 
98 
observations led Mukerjee and Seshadri to state 
that "In the synthesis of Isoflavones and their 
derivatives 8-methyl compounds are generally formed 
if the temperature of the reaction is high (boiling 
acetic anhydride)". 
On the basis of exclusive formation of 
8-isomer involving 2-hydroxyl group it was stated that 
in the vigorous acetylation of the deoxybenzoin the 
hydroxyl group ortho to methyl had unexpectedly 
proved to be more reactive than the one para to it. 
124 The course of the reaction was considered by them 
to bes 
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CH3 
HOf<^OH 
OH 5 
CH2Ph 
HO 
CH. 
OH COCH-
HO 
CHPh 
II 
0 
R O / V \CH3 
CXX XCLVI XCLVlII-a 
(RZR'=H) 
We do not agree with the above statement 
and believe tha t the para hydroxyl group i s as 
usual more react ive . The greater reac t iv i ty of the 
para hydroxyl (6-posit ion) i s evidenced by i t s p re -
fe ren t ia l acetylation to 2-hydroxyl under regulated 
124 conditions of acetylat ion. The argument tha t the . 
presence of an<K-acetyl group in the intermediate 
diketone (XCLVI) seems to a l t e r the r e l a t ive r e a c t i -
vity of the hydroxyl groups also appears to be 
unsound. 
The isoflavone formation with acetic anhy-
dride sodium acetate i s an Allan-Robinson type synthe^ 
81. s i s . The work of Oll is and Weight has confirmed 
the view tha t t h i s synthesis probably involved the 
Baker-Venkataraman transformation similar to acetyl 
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chloride-pyridine method. Thus a l l those steps which' 
have been postulated in isoflavone synthesis using 
acetyl chloride-pyridine followed by treatment with 
anhydrous potassium carbonate-acetone may also be 
advanced here. This shoiild r e su l t in the formation 
of an isoflavone mixture of 6 - and 8-orientat ions, 
the l a t t e r in greater amount. The reason may be the 
l ess f ac i l e migration of the 6-acetyl group (due to 
greater ease of acetylation) and the s t e r i e accelera-
t ion of the 2-acetyl group by the ortho methyl. 
Actually both the isomers, have been isolated by us , 
the one of 8-orientation in greater amount. 
I t i s clear from the above explanation tha t 
the re la t ive r eac t i v i t i e s of the hydroxyl groups 
have not been al tered. The greater r eac t iv i ty of 
para hydroxyl group i s i n t ac t , but because of the 
type of react ion involved i t is not exhibited as such 
in cycl isa t ion. The previous authors seem to measure 
the reac t iv i ty of a part icular hyiroj^l group only on 
the basis of i t s taking part in the r ing closure 
ignoring the prior step where the usual reac t iv i ty 
has already been manifested. As the '. effect of 
"sC-acetyl group i s concerned, both the hydroxyl groups 
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in "the in-termediate > according to the mechanism 
postulated* may not be available. This is further 
substantiated by the formation of diacetoxy iso-
flavone and therefore the question of relative reac-
tivities of the hydroxyl groups at the time of cycli-
sation does not arise. Even if it is assumed for a 
moment that both the hydroxyl groups may be avai-
lable at the time of ring closure, the preferential 
influence of acetyl group on either of the hydroxyl 
is unimaginable. Both the hydroxyl groups are 
likely to be identically located with respect to 
o(-acetyl group of the diketone (XCLVX). 
The deoxybenzoin (CXX) on treatment with 
acetic anhydride-sodium acetate exactly under the 
' 124 
conditions as specified by lenger et al. gave a 
dark brown product. Attempts to fractional crystalli-
sation resulted in giving rise to various crops of 
crystals melting from 176-207°. The separation into 
two distinct products could not be effected at this 
124 
stage. lenger et al. reported 188-189*^ as the 
melting point of the product of the above reaction ~ 
and formulated it as 2,8-dimethyl-5,7-diacetoxy 
isoflavone (XCLVIII-aj R' = R = Ac). The various 
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crops of crystals obtained were combined together and 
subjected to deacetylation. The product on crystalli-
sation from ethanol gave colourless needles m.p.220-
240^. The separation could, however, not be effected 
even at this stage. The product m.p.220-240*^ on mono-
methylation se-oarated on fractional crystallisation 
(methanol) into tvo distinct products melting at 
188-190° and 131-132*^. The former was characterised 
as 2,6-dimethyl-5-hydroxy-7-methoxy- (XCLYIII-b | R' = 
H, R = Ac) and the latter as 2,8.-dimethyl-5-hydroxy-7-
methoxy isoflavone (XCLVIII-aj R' = H, R = Ac) by 
mixed melting points with the products obtained earlier 
by acetyl chloride niethod. Further confirmation as to 
the orientation of two isomers was furnished by 
complete methylation and separation of the completely 
meth^rLated isomers (XCL¥IIl-b; R' = E =. MeO and 
XCL¥IXl-a: R' = R = MeO). The 8-isomer as expected 
v;as obtained in greater amount. 
On the basis of our vfork using acetic anhy-
dride sodium acetate in isoflavone synthesis, we neither 
98 
agree with the statement^ nor with the work and.argu-
12'^  
mervts " advanced for its support. It may be ox 
interest to point out here that parallel examples of • 
the formation of isomeric mixture of 6 - and 
97 -
171 172 17"^  
8-orientations in flavone * and chromone 
syntheses using Allan-Robinsbn method are already 
cited in the literature. Thus the Allan-Robinson 
synthesis probably involving dual course of the 
Baker-Venkataraman transformation may vrell explain in 
these cases also the formation of isomeric pairs of 
6- and 8-orientations. 
30 Mahesh, Narasimhachari and Seshadri 
reported the exclusive formation of the 6-isomer from 
the deoxybenzoin derived from 0-methyl phloroglucinol 
(iretol) when subjected to acetic anhydride-sodium 
acetate synthesis. In view of our findings in the 
case of deoxybenzoin derived from G-methyl phloroglu-
cinol which provided both the 6- and 8-isomers by 
acetic anhydride-sodium acetate synthesis, we thought 
30 it interesting to reT)eat the work of Mahesh et al. 
2»6-Dihydroxy-3j4-dimethoxy deoxybenzoin (XCLIX) vms 
heated with acetic anhydride-sodium acetate under the 
30 
same conditions as reported by earlier workers. The 
reaction mixture on usual work up provided a solid 
which crystallised from ethanol, m.p.154-202^ (59% 
30 yield) Mahesh et al. reported the m.p. of the 
product of the above reaction 193-194° (29.^ yield) and 
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characterised it as the 6-isomer, 2-methyl-5-acetoxy 
6»7-dimethoxy isoflavone (GL)1 No mention of the 
30 formation of 8-isomer was reported by them. 
OCH3 
CH30f^^0H 
PH2- \ // 
CH3O 
OH 0 
XCLIX 
•>- CH3OV 
AcO 
CL 
The product, m.p.154-202° on repeated fractional 
erystallisations from different solvents and mixtures 
of solvents (benzene-ethanol, benzene-petrol (40-60°) 
was resolved into two different and distinct compounds 
in unequal amounts. The major product melted at 201-
203° whereas the minor product had a m.p.175-178^. 
Identification of the compound m.p.175-178^t 
This compound, m.p.175-178° was identified 
as 2-methyl-5-acetoxy-7,8-dimethoxy isoflavone (CLIV) 
by m.p. and mixed m.p. with an authentic specimen. 
The authentic standard was prepared from 2-hydroxy-3, 
4,6-trimethox3ilb.eoxybenzoin (GLI) according to the 
following scheme. 
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CH3O 
^""^-^J 
CH3O 
CLI 
AC2O 
NaAc 
<^ H3R 
CH3O r^\ 
CLII 
Cone-
HCl 
CH39 0 
CH3O 
CLUi 
AC2O 
C5H5N 
CLIV 
The deoxybenzoin (CLI) > m.p.85-87° was 
prenared according to the method described by 
93 Narasimhachari at al. This on acetic anhydride-
sodium acetate synthesis provided the trimethoxy 
isoflavone (CLII) m.p.104-106° (reported^^ m.p.93-94°). 
(CLII) on monodemethylation with concentrated hydro-
chloric acid and usual work up gave the corresponding 
5-hydroxy isoflavone (CLIII), m.p. 123-125° (reported 
m.p.l68-169°), v/hich on acetylation v;ith acetic : 
anhydride and pyridine gave the 5-acetoxy isoflavone 
(CLIV) m.p. 176-178° (reported*^ *^  m.p. 207-208°). 
30 
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Identification of the compound, m,p«201-203 o . 
This compound, m.p.201-203 which was obtained 
as t he major product has been formulated as 2-methyl-
30 
-6-acetoxy-6,7-dimethoxy isoflavone (CL), ( repor ted 
m.p.193-194") on the bas i s of the following conver-
s i o n s . 
CH3O /v\ CH 3 EtOH "^"30 . ^ \ ^ \ CH 3 Me250^ 
CHsOVV^P^^ HCl ^ ^ 3 0 \ A / Ph 
AcO g OH 5 
Q 
CHoOf^ ^^ ^V^ \CH 
C " 3 0 V \ / 
CH3O 5 
Ph 
CL CLV CLVI 
The isoflavone (CL) on hydrolysis gave the 5-hydroxy 
isoflavone (CLY) m.p.l67-169° (reported*^^ m.p. 145-146° ) , 
which on methylation gave the t r imethoxy isoflavone 
(CLVI) m.p.153-154° ( repor ted m.p . l54° ) . 
I t i s i n t e r e s t i n g t o note t h a t in t h i s synthe-
s i s t he major product i s t h e 6-isomer whereas i n the 
case of C-methyl deoxybenzoin • ".(CXX) we obtained the 
8-isomer as the major component. 
CH3O 
CH30f^^0H 
OH 0 
XCLIX 
AC2O/ NaAc 
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CH30 0. 
CH30rY ^CH, 
AcO '^ 
CLIV 
EtOH HCl 
CH3O 0 
OH 
^ ^ 
0 
CLIII 
Me 2^0^ 
CH35 0 
CH30f'Y V ^ 3 
CH3O S 
CLII 
CH3O 
EtOH HCl 
CH3O 
CH3OV 
^V\ CH: 
^ /> 
OH ^ 
CLV 
Me2S04 
I t must be pointed out t h a t the re are severe 
d i screpancies in the melting points of our compounds 
30,4^ 
and those repor ted in t h e l i t e r a t u r e . "" This 
d i f ference of melting points i s understandable when i t 
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30,44 is realised that previous workers were handling 
mixture of compounds at all the stages in their 
preparations. It has already been pointed out that^ 
in isoflavone series and in other series alsoj the 
6-isomers have higher melting points than the 
8-isomers. We again find this holding true in these 
cases also. The melting points of the various 
compounds are recorded in the table below! 
T A B L E - VI 
8-Methoxy-
2-Methyl-5-
ace toxy-7)8-
dimethoxy-
2-Methyl-5-
hydroxy-7J8-
dimethoxy-
2-Methyl-5 ,7 ,8-
t r imethoxy-
M.P. 
175-178 
123-125° 
104-106° 
6-Methoxv- -
2-Methyl-5-
acetoxy-6 , 7 -
dimethoxy-
2-Methyl-5-
hydroxy-6 , 7 -
diraethoxy-
2-Methyl-6,6 ,7-
t r imethoxy-
M.P. 
201-203° 
167-169° 
153-154° 
Ethyl formate-sodium synthesis: 
The ethyl formate-sodium synthesis using deoxy-
benzoins derived from Iretol is well known >-^'^~ '-^ 
for giving rise to isoflavones with 5,6,7-orientation 
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of substituents. The formation of 5,6,7-isomGr has 
been explained as a result of cyclisation involving 
the unhindered 6-hydroxyl group of the corresponding 
deoxybenzoins. In view of the formation of isomeric 
T? 73 
mixtures of isoflavones ' in ethaxolylation process, 
flavones in Allan-Robinson method and iso-
174 flavones and chromones in acetic anhydride sodium 
acetate S3nithesis, it was anticipated that the deoxy-
benzoin of the similar type on submitting to ethyl 
formate-sodium synthesis vrould also lead to the' forma-
tion of isomeric mixtures. However.the repetition of 
the ethyl formate-sodium synthesis with 2,6-dihydroxy-
3,4-dimethoxy deoxyben^oin (GLYII ; R = R» = OMe) 
resulted in the formation of 5,6,7-isomer (CLVIII ; R = R' 
= OMe) as the sole product of the reaction. We now 
advance a new explanation for the exclusive formation 
of 5,6,7-isomer in the above synthesis. V/e feel that 
5,6,7-isomer is formed as a major fraction and the 
5,7,8- (CLIX; R = R' = OMe) as the minor one during 
the ethyl formate-sodium synthesis. Whatever little 
amount of the 5,7,8-isomer is formed, it undergoes 
isomerisation in presence of sodium ethoxide formed 
during the course of the reaction. Thus the ultimate 
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r e s u l t of t he e thy l formate-sodiiim syn thes i s in such 
cases i s the formation of isoflavones of 5 j 6 , 7 -
o r i e n t a t i o n as t he only product of the r e a c t i o n . The 
above explanat ion f inds support from the observat ion 
of severa l workers * "" ' > who have es tab l i shed 
t h a t the isoflavones do undergo i somer isa t ion in 
a lka l ine media. The only object ion to t he above 
suggest ion might be t h a t of experimental condi t ions 
employed in ac tua l i somer isa t ion experiments ( r e f l u x -
ing) and e thyl formate-sodium synthes is ( 0 ° ) . •".• To 
ru l e out the above object ion 5-hydroxy-7»8-dimethoxy 
isofLavone (CLIX; R = R' = OMe) m.p.154-156® •; 
( repor ted m.p.159-160°) obtained by p a r t i a l demethy-
l a t i o n of 5j7»8-trimethoxy isoflavone was t r e a t e d with 
pulver ised sodium and e thy l formate and l e f t in a 
r e f r i g e r a t o r a t 0^ for th ree days ( the exact condi -
t i o n s as prescr ibed for e thy l formate-sodium syn thes i s ) , 
The usual work up of the r e a c t i o n product and c r y s t a l -
l i s a t i o n from e thy l ace ta t e gave yellow p l a t e s 
m.p.208-210° ( repor ted m.p.203-205°). I t was 
cha rac te r i sed as 5-hydroxy-6j7-dimethoxy isoflavone 
(CLVIII5 R = R» = OMe) comparabl-e with a syn the t i c 
s tandard. The above vrork amply j u s t i f i e s our pos tu l a t e 
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regarding the mechanism of ethylformate-sodium 
synthesis. 
8 
OH 
CH2 
\ ^ 
OH 5 
CLVII CLVIII 
CLIX 
A more convincing evidence, as to the con-
current formation of 5j7j8-isomerj is obtained when 
deoxybenzoin derived from C-methyl phlorogLucinol is 
submitted to ethyl formate-sodium synthesis. Thus 
2,6-dihydroxy-4-methoxy-3-methyl deoxybenzoin (CLVII'5 
R = Me, R' = OMe) when treated with ethyl formate-
sodium resulted in the formation of 5-hydroxy-7-
methoxy-6-methyl isoflavone (CLVIII ; R = Me, R' = OMe) 
along with traces of the corresponding 8-isom.er (CLIX5 
R = Me, R' = OMe). This leaves no doubt as to the 
dual course of cyclisation also taking place in ethyl 
formate-sodium synthesis. 
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The ethyl formate-sodium synthesis using 
deoxybenzoin derived from iretol (0-methyl phloroglu-
einol) have been found to give exclusively 5,6,7-
isomer v/hile those derived from C-methyl phloroglucinol 
yield a mixture of 5,6,7- and 5,7,8-isomers the 
latter in traces. It has already been emphasised 
that both the isomers are also formed in case of 
deoxybenzoins having iretol nucleus but the"small 
amount of 5,7,8-isomer formed isomerises completely 
in presence of sodium ethoxide to the corresponding 
6-isomer. In the light of the above explanation it 
appears that the 5,7,8-isomer formed from C-methyl 
phloroglucinol type deoxybenzoin is not so facile to 
alkaline isomerisation. If such be the case then the 
5-hydroxy-7-methoxy-8-methyl isoflavone (GLIXj R =Me, 
R» = OMe) on treatment with ethyl formate sodium would 
be expected to give rise to a mixture of isomeric iso-
flavones, which has experimentally been realised. The 
same argument is further supported by the study of 
alkaline isomerisation of the isoflavone using 
potassiiim ethoxide. 5-Hydroxy-7-methoxy-8-methyl 
isoflavone on treatment with potassium ethoxide gave 
rise to the expected isom.eric mixture of isoflavones . 
(5,6,7-isomer in traces only). 
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It is to be noted that in most of the cases 
using ethyl formate-sodium the only free hydroxyl 
group in the deoxybenzoin is that required for the 
ring closure* but there are reports of the successful 
preparation of isoflavones from deoxybenzoin in wliich 
other hydroxyl-groups were also left free. Shriner 
58 
and. Hull described the preparation of 8-methyl 
genistein from a trihydroxy deoxybenzoin but later 
workers including ourselves have not been able to 
reproduce their results. 
An interesting feature of the ethyl formate— 
sodium synthesis v^ich deserves attention is the 
report of the formation of 2-hydroxy isoflavanone as 
the stable intermediate. Thus^Mehta et al. reported 
the formation of 2-hydroxy-5j7j2'-trimethoxy-8-methyl 
isoflavanone (CLXI) by the condensation ,of 2-hydroxy-
4,6 ,2'-trimethoxy-3-methyl deoxybenzoin (CLX) mth 
ethyl formate-sodium. It may be mentioned here that 
the 2-^ hydroxy isoflavanones are invariably formed when 
methyl formate * is used as a condensing agent. The 
61 2-hydroxyl isoflavanones undergo an .easy dehydration -
by treatment with glacial acetic acid, sodium acetate 
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and acetic anhydride, alcoholic siilphuric acid as 
well as by refluxing with animal charcoal to the 
corresponding isoflavone. The only example of the 
formation of stable 2-hydroxy isoflavanone using 
ethyl formate-sodium synthesis led us to reinvesti-
gate the synthesis. It has been found in these 
laboratories that the 2-hydroxy isoflavanones as 
reported above > is not the stable intermediate product. 
The synthesis gives rise to 5,7,2'-trimethoxy-8-
methyl isoflavone (CXXX¥III , R = R"' = R"" = Me, R' = 
o-MeO. CQE^I R" = H) directly. Karmarkar et al. "^"^  
under the same conditions have also obtained 8-methyl ' 
isogenistein directly. The objection to their find-
ings v/as the use of acetic acid as the solvent for 
crystallisation, which is well known to bring about 
an easy dehydration from the 2-hydroxy isoflavanone to 
the corresponding isoflavone. 
CH 
CH3 ,^3 0 
D f ^ O H CHqQ C H o O f ^ ^ "^OH R'^ 3 3O 
CH3O fi CH3O 5 
CLX CLXI 
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Alkaline isomerisation: 
Isoflavones undergo isomerisation in alkaline 
conditions . Mahesh and Seshadri have shown that 
5-hydroxy-7,8-dimethoxy isoflavone (CLIX? R = R' = OMe) 
is converted into the isomeric 5-hydroxy-6»7-dimethoxy 
isoflavone (CLYIII j R = R' = OMe) "by boiling with 2^ 
absolute alcoholic potash for fifteen minutes. In 
addition to the formation of the 6-isomer in 6C^ yield 
they have also reported the presence of a new uniden-
tified product in 30fo yield along with a little amount 
of deoxybenzoin (GL¥II5 R = R' = OMe) as products of 
105 the reaction. Bhar and Seshadri reported better. 
yields when the isomerisation was brought about in an 
atmosphere of hydrogen. Farkas and Varaday - '-' » J-
in recent years have used 2% potassium ethoxide 
[potassium (2 g.) in absolute ethanol (100 ml)]for 
bringing about the isomeric change. They have not 
mentioned any bye product and subsequently the yields 
of the 5j6,7~isomer are much higher. The method of 
isomeric change constitutes a convenient preparative 
I 
method for the synthesis of difficultfv accessible iso-
flavones substituted in the 5,6,7-positions. The 
present work was undertaken with a view of comparative 
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study of a lka l ine i somer isa t ion in s i m i l a r l y cons-bitu-
ted 0-methyl and C-methyl i so f lavones . The two simple 
examples of 5-hydroxy-7,8-dimethoxy-(CLIX5 R = R'-iOMe 
and 5-hydroxy-7-methoxy-8-methyl isof lavones (CLIXj 
R = Me» R' = OMe) were se lec ted fo r t he purpose. 
5-fl:ydroxy-7>8-dimethoxy isoflavone (GLIX; R = 
R' = OMe) on ref luxing with 2% potassium ethoxide for 
f i f t e e n minutes followed by subsequent work up of the 
r eac t i on prodiict gave 5-hydroxy^ »7-difflethoxy i s o f l a -
vone (CLVIII • R = R' = OMe) along with 2»6-dihydroxy-
3,4-dimethoxy deoxybenzoin (CLVII j R = R' = OMe). How-
e ver^ 5 -hydr oxy -7 -me tho xy-8 -me thy l i s of 1 a vone CLIX ; 
R = Me> R' = OMe) on s imi la r t rea tments y ie lded 
5-hydr o xy-7-me tho xy-6-me thy l isomer (GLYIII 5 R = Me, 
R' = OMe) in small amount accompanied by the unchanged 
s t a r t i n g m a t e r i a l . I t i s evident t h a t the isoflavone 
with 0-methyl group a t the 8-pos i t ion i s f a c i l e t o r i n g 
opening while t h a t with G-methyl a t t h e same pos i t i on 
i s r e s i s t a n t . This r e s i s t a n c e to f i s s i o n in the 
l a t t e r may probably be respons ib le f o r the i somer i sa -
t i o n t o a l e s s e r ex ten t . The following t e n t a t i v e 
explanat ion may be advanced in support of t h e above 
observa t ions . The main forms of the pyrone molecules 
can be represented as under: 
I l l -
CLXII CLXIII CLXIV 
The e l e c t r o p h i l i c a c t i v i t y i s mos t ly found i n 
2 - p o s i t i o n , t h u s t h e r i n g f i s s i o n i n a l k a l i n e s o l u t i o n 
can be fo rmu la t ed a s b e i n g i n i t i a t e d by an a t t a c k a t 
t h i s p o s i t i o n by n u c l e o p h i l i c r e a g e n t (0H~ or OEt") 
0H~ 
9.S 
f 
0 
OH 
ij 
0 
CLXVI CLXVII CLXVIII 
.0 C=0 
H^  
0 
/ V O ^ c -
CLXIX LXX 
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It is clear that the availability of 
electrons at position 2 will inhibit the ring opening 
while the deficiency of electrons at this position will 
facilitate the ring fission. In the light of the 
above argument it may be concluded that the 0-methyl 
group might be enhancing the electrophilic activity 
while the C-methyl group might be decreasing the 
electrophilic activity at 2-position. 
The ease of decyclisation of the heterocyclic 
ring of the benzopyrone system should not be consi-
dered as the only factor for ring isomerisation. Other 
factors such as concentration of alkali and duration 
of reaction seem to play equally important roles. 
Thusowhen an isoflavone of the appropriate type is 
refluxed with B^ absolute ethanolic potassium 
105 hydroxide the main product of the reaction is 
always the corresponding 2j6-dihydroxy deoxybenzoin. 
Similarly when the time of refluxing of an isoflavone 
with 2% potassium ethoxide is increased from fifteen 
minutes to forty five minutes the deoxybenzoin is 
found to be the major product of the reaction. 
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VJessely-Moser rearrangement: 
Flavones, chroraones and flavanones undergo a 
facile Wessely-Moser rearrangement. The change takes 
place in the presence of boiling hydriodic or hydro-
bromic acids and is believed to be inhibited by the 
presence of a hydroxyl or phenyl group in 3-posi- ; •.'' 
tion®"^ '-^ ^^ . Recently Wheeler et al.^"^, Baker et al.®^ 
op nj 
and Whalley ' have shown that either under drastic 
conditions or in presence of "stabilised" hydriodic 
acid flavonols, chromonols and isoflavones also can 
be made to undergo the isomeric change. Mukerjee and 
98 Seshadri hold that the explanation advanced by 
96 Mukerjee et al. is still valid because under ordinary 
conditions the change does not take place and hence 
resistance to ring fission is definite though it may 
not be absolute. 
The reinvestigation of demethylation of 
5,7,2'-trimethoxy~8-methyl isoflavone (CXXXVIIIj R = 
R"' = R"«i = Me, R' = o-MeO. CgH^, R" = H) under the 
G 1 81 
exact conditions as described by '^ 'eshadri et al. 
gave a product m.p.207° Seshadri et al."*" however, 
reported the formation of 8-methyl isogenistein 
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m.p.230-32** as the only product, of demethylation. The 
product m.p.207° on remethylation using methyl 
sulphate-potassium carbonate-acetone (fifty hours) 
separated from methanol as fine needles m,p.220°. 
This was found to be identical \^ ith 5,7>2'-tri-
methoxy-6-methyl isoflavone (CXXXIXj R = R"« = R"" -
Me, R' = o-MeO. CgH^j R" = H). Concentration of the 
methanolic mother liquor furnished a second product 
which after purification from ethyl acetate gave 
5,7,2'-trimethoxy-8-methyl isoflavone (CXXXVIII: R = 
R>" = R'"t = Me, R' = o-MeO. CgH4, R" = H) m.p. and 
mixed m.p.180°. Thus^our findings regarding Wessely-
Moser rearrangement in this case are in contradiction 
to those of Seshadri et al. " and are in good agree-
32 
ment with those of Whalley . Me, however differ 
from Whalley as far as the use of "stabilised" 
hydriodic acid in demethylation is concerned. The 
ordinary hydriodic acid according to Whalley is 
supposed to damage 2'-methoxy isoflavone thus causing 
no proper demethylation follovred by isomerisation. It 
is therefore concluded that even 2'-methoxy isofla-
vone may undergo demethylation and isomerisation even 
\n.th the ordinary hydriodic acid. 
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Similarly 5,7-dimethoxy-8-methyl isoflavone 
(CXXIII) on demethylation with hydriodic acid under 
the above conditions gave a product m.p.125-169°. 
The product on remethylation separated into 5»7-
dimethox3''-8-methyl isoflavone (CXXIII )m.p. and mixed 
m.p.158-160° and 5,7-dimethoxy-6-methyl isoflavone 
(CXXIV) m.p..and mixed m.p.149-150°. This again 
96 
rejects the findings of Seshadri et al. that the 
presence of phenyl group at 3-position inhibits the 
opening of the ring under ordinary conditions of 
demethylation and thereby giving the normal demethy-
lated product without undergoing isomerisation. 
0 N C L U S I _ _ 0 N 
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The work described in the thesis deals Asrith 
the investigations of (i) Ethoxalyl chloride 
(ii) Acethyl chloride-pyridine (iii) Acetic anhydride-
sodium acetate and (iv) Ethylformate-sodiiiin methods 
used in the synthesis of isoflavones. Ring-isomeric 
change in isoflavones tooth-in acid (Wessley-Moser 
rearrangement) as well as in alkaline media have also 
been studied. 
1. The ethoxalylation of 2,4,6-trihydro3cy-3-methyl-
deoxybenzoin and its 2'-and 4'-methyl ethers was 
found to give in each case an isomeric 2-carbethoxy 
isoflavone mixture of 5,6j7-and 5,7»8-orientation 
of substituents. The isomeric pairs v/ere separated^ 
by fractional crystallization, hydrolysed, decarboxy-
lated to the corresponding hydroxyjisoflavones. 
2. The structure of the NEW pair of isomeric iso-
flavones (A & B) was proved as follows! 
A. 5,7-Dihydroxy-8-methyl]isoflavone m.p.189-191° was 
methylated to dimethyl ether m'.p. 158-160° , which 
v/as synthesised by subjecting 2-hydroxy-4,6-dime-
thoxy-3-methyl deoxybenzoin to two conventional and 
unequivocal methods. 
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B. 5,7-i)ihydrox3''-6-methyl isoflavone m.p.225-227*' was 
monomethylated t o 5-hydroxy-7-raetlioxy-6-methyl 
isoflavone m.p.170-172®. ^he t o t a l methylat ion 
gave the corresponding dimethyl ether m.p.149-150®. 
( i ) Synthesis j Nuclear methylation of 5 , 7 - d i -
hydroxy isoflavone gave 5-hydroxy-7-methoxy-6-
methyl isoflavone m.p.170-172^ which on t o t a l 
methylation gave the dimethyl e ther m.p.149-150®. 
( i i ) Degradat ion: The a lka l ine degradat ion of the 
completely methylated isoflavone followed by 
e thy la t i on gave a product m.p.65®.^ I t s s t r u c -
tu r e was proved to be 6-ethoxy-2>4-dimethoxy-3-
methyl deoxybenzoin by syn thes i s . Hoesch conden-
sa t ion of 4-ethoxy methyl phloroglucinol and 
benzyl cyanide gave 6-ethoxy-2j4-dihydroxy-3-
methyl deoxybenzoin m.p.128-130° which on com-
p le t e methylation gave the above product m.p,65'^. 
The deoxybenzoin v/as a lso synthesised by mono-
e thy la t ion of 2j6-dihydroxy-4-methoxy-3-methyl 
deoxybenzoin m.p.165-167® to 2-hydroxy-4-
methoxy-6-ethoxy-3-methyl de r iva t i ve m.p . l31- . 
133*^, which on complete methylation gave 6-ethoxy-
2j4-dimethoxy-3-methyl deoxybenzoin m.p.65°. 
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3. 5»7-Diinethoxy-8-methyl isoflavone and its 2*-
methyl ether v/ere found to undergo W-essely-Moser 
rearrangement with hydiodic acid and acetic 
anhydride under the usual conditions. This is in 
contradiction to the previous findings. The two 
isomers were separated by remethylation. 
4. The reinvestigation of the condensation of 2,4,6-
trihydroxy-3-methyl deoxybenzoin with acetylchlorid< 
pyridine and acetic anhydride-sodium acetate was 
also found to give both the isomers (in contrast 
to only one of a particular orientation of substi-
tuents reported in each case). The acetyl chloride 
pyridine method however gave the 6-isomer in greate: 
yield while v/ith acetic anhydride-sodium acetate th 
8-isomer was found to be the major product. The 
separation of the isomers (A & B) was effected by 
methylation at the final stage. 
A. 2,8-Dimethyl-5,7-dimethoxy isoflavone m.p.184-86' 
B. 2,6-Dimethyl-5,7-dimethoxy isoflavone m.p.176-77' 
5. A tentative explanation for the dual course of cycl: 
sation in the above syntheses has been advanced. 
The previous generalization and explanation for the 
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formation of either isomer with a specific orienta-
tion of substituents with a particular condensing 
agent have been rejected. 
6. 2»6-Dihydroxy-3,4-dimethoxy deoxybenzoin vrhen 
subjected to acetic anhydride-sodium acetate conden-
sation Drovided a mixture of isomers namely 2-methyl-
5-acetoxy-6 >7-dimethoxy-and 2-methyl-5-acetoxy-7»8-
dimethoxy isoflavones m.ps.201-203'^ and 176-178° 
resDectively. The senaration of the two isomers 
was achieved in the initial stage by careful frac-
tional crystallisation. This method of separation 
gave the 6-isomer in greater amount. However the 
previous workers reported the exclusive formation 
of 6-isomer in the above condensation. 
7. The formation of 2-hydroxy isoflavanone as a stable 
intermediate when 2-hydroxy-4,6,2'-trimethoxy deoxy-
benzoin is subjected to ethyl formate-sodium synthe-
sis has been discarded on the ground of same melting 
point and identical ultraviolet spectra before and 
after subjecting the product to dehydration. 
8. A new pathway in exclusive formation of 5>6j7-isomer 
when 2>6-dihydrox;^ ''-3,4-Kiimethoxy deoxybenzoin is 
treated with ethyl formate-sodium has been suggested. 
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9. The alkaline isomerisation of 5-hydroxy-7»8-
dimethoxy isoflavone using potassium ethoxide' 
(potassium-absolute ethanol) gave the corresponding 
6-isomer vdth a small amount of deoxybenzoin. The 
use of ethylformate-sodium for the first time in 
studying alkaline isomerisation v/as found to give 
a very good yield of 6-isomer. 
10. The condensation of 2,6-dihydroxy-4-methoxy-3-
methyl deoxybenzoin with ethyl formate-sodium 
yielded mainly 6-isomer but in contrast to the 
0-methyl deoxybenzoin used earlier, it also gave a 
small amount of 8-isomer. 
11. The alkaline isomerisation of 6-hydroxy-7-methoxy-
8-methyl isoflavone vjith either potassium ethoxide 
or ethyl formate-sodium gave 6-isomer in poor yield 
leaving behind the unisomerid 8-isomer. 
12. In the light of above v/ork on ethylformate-sodium 
synthesis and alkaline isomerisation it may be 
concluded that C-methyl group in 8-position in iso-
flavones is resistant to nucleophilic attack at C-2. 
E X P E R I t " l E N T A L 
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benzoin; 
124 2>4 ,6-Trihydroxy-3-me-thyl deoxybenzoin 
(5 g.) was dissolved in dry pyridine (50 ml.) and 
ethoxalyl chloride (8.8 ml.) added with shaking at 
0°. After keeping for twenty four hours at room 
temperature the mixture was poured in water and 
extracted with chloroform. The organic layer was 
washed with 10^ hydrochloric acid and then with water,' 
dried (magnesium sulphate) and evaporated to yield a 
solid product^ which on repeated crystallisations from 
benzene and methanol gave two products. One of the 
products was less soluble and crystallised in the form. 
of yellow shining plates (1.2 g,) m.p.243-244®. It 
gave a dirty green colour with alcoholic ferric 
chloride. Pound: C, 67.32; H, 4.46.C-j_9H-,g0g requires 
C , 67.06; H, 4.71. 
The second product was more soluble and v;as obtained 
as yellow leaflets (1.6 g.) m.p. 179.5-180.5'^-giving 
reddish brov/n ferric reaction. 
Found: c, 66.84; H, 4.35. OJ^QE^QOQ requires 
C , 67.06; H, 4.71. 
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Both the products gave pink colouration with sodium 
amalgam followed by acidification with hydrochloric 
acid. 
5»7-i)ihydroxy-8-methyl isoflavone: 
The carbethoxy isoflavone m.p.179.5-180.5^ 
(1.5 g.) in acetone (25 ml.) was warmed for four hours 
with 9fo aqueous sodium carbonate (180 ml.). After the 
evaporation of acetone the cooled solution was acidi-
fied with dilute hydrochloric acid. The solid carboxy 
isoflavone was collected, washed with vrater and crys-
tallised from dilute methanol as yellow prisms (1.2 g.} 
m.p.265° (decomp.). 
Found5 C, 65.32, H, 3.74. C^^^gO^ requires 
C . 65.38; H,^3.84. 
The acid ^ ^^as decarboxylated by heating 
rapidly in portions (ca. 50 mg.) at 275° until evo-
lution of carbon dioxide ceased. The crude melt was 
digested in ethyl acetate and washed with aqueous 
sodium bicarbonate followed by water. The ethyl 
acetate extract was dried (magnesium sulphate) and 
the solvent was recovered to yield a solid product, 
which on crystallisation from ethyl acetate gave the 
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isoflavone in cubical p l a t e s (0.26 g. ) m.p. 189-191°.. 
I t gave a green colour with f e r r i c ch lo r ide and a 
pos i t i ve t e s t with sodium amalgam followed by a c i d i -
f i c a t i o n . 
Found: c , 71.26; H, 4 .44 . C-^QE^^^^ requi res 
C , 71.64; H, 4 .48 . 
5»7-dmethoxy-8-methyl isoflavone ? 
( i ) Methyla t ion i - A mixture of 5,7-Dihydroxy-
8-methyl isoflavone (0 .15 g.)> dry acetone (30 m l . ) , 
f r esh ly ign i ted potassium carbonate (2 g . ) and 
methyl sulphate (0 .2 ml.) was refluxed for f o r t y 
hours . The potassium s a l t was f i l t e r e d off and washed 
v;ith acetone. After recover ing acetone 5j7-dimethoxy-
8-methyl isoflavone (0 .12 g . ) was obta ined, which crys-
t a l l i s e d from methanol in co lour less sh in ing needles 
m.p.158-160° ( a f t e r keeping for twenty four hours in 
a vacuum d e s s i c a t o r ) . I t showed negative f e r r i c 
ch lor ide t e s t . 
FoundJ C, 72.65; H, 5.39. '^J^^J^QO^ r equ i res 
C 5 72.97; H, 5 .41 . 
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( i i ) Ethyl formate-sodium s y n t h e s i s : - 2-Hydroxy-
124 4,6-dimethoxy-3-methyl deoxybenzoin (0 .6 g . ) was 
pov/dered, suspended in f r e sh ly d i s t i l l e d e thy l formate 
(15 ml.) and cooled to 0° . The suspension was 
gradual ly added (over t h i r t y minutes) with s t i r r i n g 
to pulver ised sodium ( 0 . 5 g . ) cooled in an ice h a t h . 
The s t i r r i n g was continued for an add i t i ona l hour and 
the r e a c t i o n f lask was kept in ice ches t for f o r t y 
e ight hours . Pieces of ice and hydrochloric acid 
(15 ml . ) were then added and the excesf of e thyl 
formate was removed under reduced p ressure . The 
bro-vm s o l i d obtained on cool ing was f i l t e r e d , washed 
with water and c r y s t a l l i s e d from methanol as co lour l e s s 
sh in ing needles (0 .37 g . ) m.p. and mixed m.p. with 
5,7-dimethoxy-8-methyl isoflavone obtained above 158-59° 
I t a l so gave no co loura t ion with a lcohol ic f e r r i c c h l o -
r ide . 
( i i i ) Ethoxalyla t ion? To an ice cold s o l u t i o n 
of 2-hydroxy-4,6-dimethoxy-3-methyl]deoxybenzoin ( 1 . 0 g . ) 
in dry pyr idine (10 ml.) was slowly added r e d i s t i l l e d 
ethoxalyl ch lor ide (0 .9 m l . ) . The mixture a f t e r l e a v -
ing for twenty four hours a t room temperature was 
poured in water and ex t rac ted with chloroform. The 
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chloroform extract was washed v/ith IC^ hydrochloric 
acid and with water, dried (magnesium sulphate) and 
evaporated to give a brown oily substance which could 
not be crystallised. It was dehydrated by heating 
for half an hour with a mixture of glacial acetic acid 
(10 ml.) and hydrochloric acid (1 ml.). The mixture 
was then poured into a large volume of water which 
resulted in the sei^aration of a faintly pink solid 
(0.8 g.). On crystallisation from ethanol colourless 
needles m.p.153-154° \^rere obtained. The product 
m. p. 153-154'^ (0.5 g.) in alcohol (15 ml.) was heated 
for four hours with ^aqueous sodium carbonate (60 ml. 
After evaporation of alcohol the solution was cooled 
and acidified with dilute hydrochloric acid. The 
precipitate obtained v/as taken up in ether and the 
ether solution vxas thoroughly extracted with an 
aqueous solution of' sodium bicarbonate. The bi-
carbonate extract was cooled and acidified to give 
a solid product, which was filtered and washed with 
water (0.35 g.). It was crystallised from methanol 
as yellow shining needles m.p.220-221° (decomp.). The 
ethereal layer on evaporation left a small quantity 
(30 mg.) of unreacted ketone. The carboxy isoflavone 
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m.p.220-221° obtained above was decarboxylated in t h e . 
usual manner by heat ing a t 235°. On subsequent work 
up i t gave a s o l i d which c r y s t a l l i s e d from methanol 
as co lour less sh in ing needles m.p.158-160°. I t 
showed no depress ion in m.p. on admixture with the 
5,7-dimethoxy-8-methyl isoflavone synthes ised e a r l i e r . 
Fe r r i c chlor ide t e s t i n alcohol was nega t ive . 
5»7-Dihydroxy-6-methyl i so f lavone?-
The carbethoxy isoflavone m.p.243-244° ( 1 . 2 g . ) 
i n acetone (20 ml.) on hydrolys is m t h 3^ aqueous 
sodium carbonate (150 ml.) in t he usual manner gave 
a product, which was c r y s t a l l i s e d from d i l u t e metha-
nol I n t o l i g h t yellow aggregates of needles ( 0 . 5 g , ) 
m.p.281-282° (decomp.). I t gave b lack ish green colou-
r a t i o n with a lcohol ic f e r r i c c h l o r i d e . 
Found: C, 65 .54; H, 3 . 9 1 . G y^H-j^ gOg requ i res 
C , 65 .38 ; H, 3.84 
The carboxy isoflavone on decarboxylat ion in 
small por t ions ( ca . 50 mg.) a t 295° arai on usual work 
up in the manner described e a r l i e r gave a s o l i d 
product. I t was c r y s t a l l i s e d from e thy l ace ta t e as 
rec tangular T3lates (0 .35 g. ) m.p.225-227° . I t gave a 
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positive test of isoflavone with sodium amalgam 
followed by acidification. 
Found: c, 71.38; H, 4.61. O^^QE^^O^ requires 
C , 71.64; H, 4.48. 
5-Hvdrox:v-7-methoxv-6 -methviysoflavone i -
5j7-Bihydroxy-6-methyl^soflavone ( 0 . 3 g . ) i n 
dry acetone (50 ml.) was refluxed vjith methyl sulphate 
( 0 . 1 ml.) and f r e sh ly ign i t ed potassium carbonate 
(1 g . ) for e igh t hours . The product obtained on 
v/orking un in the usual manner c r y s t a l l i s e d from a 
l a rge volume of methanol as l i g h t yellow needles 
(0 .3 g . ) changing in to c l u s t e r s of f ine needles a t 
150° and f i n a l l y melting a t 170-172°. I t gave a 
b lu i sh green f e r r i c t e s t in a l coho l . 
Found: c , 72.29; H, 4 .76 . C^^^^O^ requ i res 
C, 72.34; H, 4 .96 . 
5,7 -Dim.ethoxy-6 -me thy l i sof 1 avo ne : -
( i ) 5-Hydroxy-7-methoxy-6-methyl isodflavone 
(0 .2 g. ) in dry acetone (30 ml.) was heated under 
re f lux with methyl sulphate ( 0 . 2 ml . ) and i gn i t ed 
potassium carbonate (2 g . ) during s i x t y hours . 5 , 7 -
Dimethoxy-6-methyl isoflavone was obtained on usual 
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work up and crystallised as colourless needles from 
dilute methanol (0.19 g.) m.p.149-150°. It gave no 
colour with alcoholic ferric chloride but gave pink 
colour with sodium amalgam. 
Found: C, 73.01; H, 5.29. C^ gH-j^ gO^  requires 
C, 72.97; H, 5.41 
183 (ii) 2»4,6-Trihydroxy deoxybenzoin (2.6 g.) 
gave on ethoxalylation 2-carbethoxy-5,7-dihydroxy 
isoflavone as light yellow needles (2.45 g., 70%; 
reported 45^) m.p.230°. The carbethoxy isoflavone 
67 
on working up according to Baker et al. gave 
5j7-dihydroxyjisoflavone in the form of plates (0.45 g. ) 
m.p.195-196®. 
A solution of 5j7-dihydroxy isoflavone (0.45 g.) 
in methanol (25 ml.) and methyl iodide (3.5 ml.) con-
taining dissolved sodium (0.7 g.) was refLuxed during 
fifteen hours. The removal of solvent under reduced 
pressure and addition of water and. excess of 2N hydro-
chloric acid to the residue furnished a solid productj 
which was filtered off and washed with water. It was 
crystallised from large volume of methanol as light 
yellow needles (80 mg.) changing into clusters of fine 
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needles at 150° and finally melting at 170-172°. It 
shov/ed no depression in melting point" when mixed vdth 
5-hydroxy-7-methoxy-6-methyl isoflavone obtained 
earlier. It gave bluish green colour with alcoholic 
ferric chloride. 
Further methylation during sixty hours using 
methyl sulphate (large excess), ignited potassium 
carbonate and dry acetone gave a o^uantitative yield* ' 
of 5,7-dimethoxy-6-methyl isoflavone m.p. and mixed 
m.p. vrith the compound obtained earlier 149-150®. It 
gave no colouration with alcoholic ferric chloride. 
Found: C» 72.73; H, 5.52. C-j^ gH-^ gO^  requires 
G , 72.97; H, 5.41 -
6-F.thoxv-2.4-dimethoxv-3-methvl deoxvbenzoin: 
(i) 5,7-Dimethoxy-6-methyl isoflavone (0.7 g.) 
in methanol (15 ml. ) and vrater (10 ml.) containing 
sodium hydroxide (2 g.) was refluxed for one and an 
half hour in the atmosphere of hydrogen. The hydroly-
sate was diluted with water and methanol was recovered 
under reduced pressure. It v/as then cooled,- acidified 
with dilute hydrochloric acid and the 6-hydroxy-2,4-
dimethoxy-3-methyl deoxybenzoin thus separated was 
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taken in ether* washed successively with sodium 
bicarbonate solution and water. The ether solution 
was dried (magnesium sulphate) and the solvent 
recovered. The oily product obtained could not be 
crystallised. It gave reddish violet colour with 
ferric chloride. This gave 6-ethoxy-2,4-dimethoxy-3-
methyl deoxybenzoin as colourless shining plates 
from methanol (0.25 g.) m.p.65° with ethyl iodide 
(0.5 ml.) and potassium carbonate (2.5.g.) in boiling 
acetone (40 ml.) during eight hours. It gave no 
colour with ferric chloride. 
Found: c, 72.49; H, 7.15. C^gHggO^ requires 
C, 72.61; H, 7.00 
(ii) A solution of 4-ethoxy-2>6-dihydroxy 
170 toluene (1.5 g. ) and benzyl cyanide (1.5 g. ) in 
absolute ether (50 ml.) containing freshly fused zinc 
chloride (1.5 g.) was cooled to 0° and a stream of 
dry hydrogen chloride was passed through it for one 
and an half hour. The mixture v/as then left at 0° 
for twnety four hours. The ethereal layer was 
decanted off and the semicrystalline ketimine salt 
washed tx^ rice v/ith dry ether. It was hydrolysed by 
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jieating with water (50 ml.) for two hours on a boiling 
water bath. On cooling'in ice, brown solid separated* 
which was filtered off and washed vrith water. It was 
crystallised twice from dilute methanol giving 
6-ethoxy-2j4-dihydroxy-3-methyl deoxybenzoin, as 
white needles -.i.- . (1.2 g.) m.p. 128-130". It gave 
reddish brown colour with alcoholic ferric chloride. 
Found: C, 71.43; H, 6.36. C-j_yH^ gO^  requires 
G , 71.32; H, 6.29. 
6-Ethoxy-2»4-dihydroxy-3-methyl deoxybenzoin 
(0.3 g.) in dry acetone (60 ml.) was heated under 
reflux for ten hours with methyl sulphate (1 ml.) and 
ignited potassium carbonate (6 g.). The product 
obtained on usual work up was crystallised from 
methanol as colourless shinning plates m.p. and mixed 
ra.p. with 6-ethoxy-2>4-dimethoxy-3-methyl deoxybenzoin 
obtained above 65°. 
(iii) 2,6-Dihydroxy-4-methoxy-3-methyIl|a.eoxy-
benzoin (0.16 g.) (Preparation described later) in 
dry acetone (20 cc.)> ethyl iodide (0.1 ml.) and 
freshly ignited potassium carbonate v;ere refluxed for 
one hour. 6-Ethoxy-2-hydroxy-4-methoxy-3-methyl 
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deoxylDenzoin obtained on usual work up c r y s t a l l i s e d 
from alcohol as co lour less needles m.p.131-133°. I t 
gave l i g h t brown colour with f e r r i c c h l o r i d e . 
Found: c , 71 .83; H, 6 .74. C-j^ gRggO^ requ i res 
G , 72.00; H, 6 .66 . 
The above 6-ethoxy^2-hydroxy-4-nBthoxy-3-
methyl deoxybenzoin ( 0 . 1 g . ) on methylat ion with 
excess of methyl sulphate potassium carbonate-acetone 
gave 6-ethoxy-2,4-dimethoxy-3-methyl deoxybenzoin as 
co lour less p l a t e s from methanol m.p. and mixed m.p. 
with the sample synthesised e a r l i e r 65*^. 
Demethvlation of 5.7-dimethoxv-8-methvl i so f lavone ; 
5,7-Dimethoxy-8-methyl isoflavone (0.6 g . ) 
\^as d i sso lved in ace t i c anhydride (18 ml . ) and hydriodic 
acid d i s t i l l e d over red phosphorous (26 ml . ) v;as added 
ca re fu l ly and the mixture ref luxed fo r two hours a t 
140°. I t was then cooled, d i l u t ed with a s a tu ra t ed 
so lu t ion of sodium b i s u l p h i t e (90 ml.) and neu t r a l i s ed 
by adding sodium b icarbona te . After twelve hours the 
dark p r e c i p i t a t e was co l l ec t ed t r e a t e d with d i l u t e 
sodium carbonate so lu t ion and f i l t e r e d . The f i l t r a t e 
on n e u t r a l i s a t i o n gave a product which on c r y s t a l l i s a -
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•bion from ethyl acetate gave light brown needles 
(0.34 g,) m.p.125-169". It was a mixture of the two 
isomeric dihydroxy isoflavones which could not be 
separated at this stage. 
Remethvlationi 
Methylation of the above product (0.34 g.) by 
methyl sulphate (1.4 ml.) potassium carbonate (7 g.) 
and dry acetone (100 ml.) during fifty hours furnished 
a solid product which on purification from methanol^ 
gave 5,7-dimethoxy-8-methyl isoflavone (0.18 g.) 
m.p. and mixed m.p. ^^ i^th the authentic sample 
158-160®. It sho\%'-ed no colouration with ferric 
chloride in alcohol. Concentration of the methanolie 
mother liquor yielded a second product, which on 
recrystallisation from methanol gave 5j7-dimethoxy-6-
methyl isoflavone (70 mg.) m.p. and mixed m.p. with 
the authentic sample 149-150°. It also gave negative 
ferric test. 
y.thoxalvlation of 2.4 .6-trihvdrQxv-3-methvl-^'-
methoxv deoxybenzoint 
2,4,6-Trihydroxy9-3-methyl-2'-methoxy deoxy-
63 benzoin (3 g.), pyridine (30 ml.) and ethoxalyl 
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chlor ide (6 ml.) were used for t h e condensation. The 
e s t e r was obtained as a reddish brown thick^ o i l y mass 
(4 g. ) on working up i n t he usual manner. I t was 
subjected t o complete methylat ion by the methyl 
sulphate-potassium carbonate-acetone method t o give a 
l i g h t brovm so l i d product. The methylated product on 
f r a c t i o n a l c r y s t a l l i s a t i o n from benzene-petrol (40-60°) 
and ethanol r e su l t ed in the sepa ra t ion of e thy l 
5 ,7j2 ' - t r imethoxy-8-methyl i sof lavone-2-carboxyla te 
as co lour less needles ( 1 .2 g . ) m.p.155-157°. 
Found: C, 65 .98 ; H, 5.71 ca lcu la t ed fo r ^o'^o'Pl 
C, 66 .33 ; H, 5.52 
The o i l obtained on evanoration of the mother 
l i q u o r was t r e a t e d severa l t imes with pe t ro l (40^60°) , 
which was discarded off. The res idue on c r y s t a l l i s a -
t i o n from ethanol gave co lour less sh in ing needles of 
e thyl 5 ,7 ,2 ' - t r imethoxy-^-methyl isof lavone-2-carboxy-
l a t e (0 .4 g . ) m.p.160-162°. 
Found: c , 66 .49; H, 5.82 ca lcu la ted for CggHggO^ 
C, 66 .33 ; H, 5.52. 
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517T2' -TrimgttiQ?y-g-pie.l'IgJ- a.sofla.vsia^ 
( i ) The cartoethoxy isoflavone ( 0 . 5 g . ) m .p . l55 -
157^ in acetone was hydrolysed with excess of £^ 
aqueous sodium carbonate . The mixture,on work up in 
the usual manner gave carboxy i so f lavone , which c r y s t a l -
l i s e d from ethanol as co lour l e s s needles (0 .35 g . ) 
m.p.241-242° (decomp.) 
Found: C» 64.64; H, 5.12.C2QHL^gO„ requ i res 
C , 64 .86; H, 4 . 9 . 
The above acid ( 0 .2 g. ) was decarboxylated 
by hea t ing rap id ly in por t ions (ca . 50 mg.) a t 255°. 
The melt on working up in t h e usual manner gave co lou r -
l e s s needles (0 .13 g . ) m.p. and mixed m.p. with an 
authent ic sample of 5,7»2*-trimethoxy-8-methyl i s o -
flavone^^ '^^ 180-182°. 
Founds C, 69.59; H, 5.37. Calcula ted for G^gH-,gOg 
C , 69 .92; H, 5.56. 
( i i ) 2-Hydroxy-4,6,2'- tr imethoxy-3-methyl 
95 deoxybenzoin (2 g . ) vras condensed wi th sodium (2 g . ) 
and ethyl formate (50 ml . ) a t ' O ^ . The r e a c t i o n mixture 
on working up in the usual manner and c r y s t a l l i s a t i o n 
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from ethyl ace ta te gave 5 ,7 ,2 ' - t r imethoxy-8-methyl 
isoflavone ( repor ted , isoflavanone) as. f l a t co lou r -
l e s s prism (1 .7 g . ) ra.p.184-186°. 
5 .7 . P' -Tr ime thoxv -6 -me thv l i s of 1 avone : -
The carbethoxy isoflavone (0 .3 g . ) m .p . l60 -
162® on hydrolys is in the usual manner gave carhoxy 
isoflavone which c r y s t a l l i s e d from ethanol in co lou r -
l e s s needles (0 .12 g . ) m.p.222-224° (decomp.). 
Found: C, 64 .98; H, 4 . 7 3 . ^0(^18^7 ^^quires 
C , 64 .86; H, 4 .90 . 
The carboxy isoflavone (0.1 g.) obtained 
above was decarboxylated at 240° as earlier and the 
product crystallised from methanol as colourless 
needles (45 mg.) m.p.220°, identical with an authen-
32 
t i c specimen of 5 ,7j2 ' - t r imethoxy-6-methyl isof lavone . 
Found: C, 70.13; H, 5.68. Calcula ted for C-j_gH-,gO, 
G , 69 .92 ; H, 5.56. 
Demethvlation of 5 .7 .2 ' - t r imethoxv-8-methvl i so f lavone : 
5,7,2'-Trimethoxy-8-methyl isoflavone ( 0 . 5 g . ) 
was demethylated using ace t i c anhydride (14 ml . ) and 
hydriodic acid f r e sh ly d i s t i l l e d over red phosphorous 
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(20.5 ml,, d, 1.7) at 140° during four hours under 
95 the conditions described by Seshadri et al. The 
mixture on usual work up gave a product which crys-
tallised from ethanol in buff coloured needles (0.25 g. ) 
m.p.207° (reported^^'^^, m.p.200-245 and 230-232°). 
Remethylation: 
Total methylation of the above product 
(0.25 g. ) m.p.207° using methyl sulphate (1.3 ml=) 
freshly fuse^ potassium carbonate ( 5 g. ) aeetone'-
(60 ml) during fifty hours gave a solid product. On 
crystallisation from methanol it gave fine colourless 
needles of 5,7 j2'-trimethoxy-6-methyljtsoflavone 
(80 mg.) m.p.218-219° (reported^^, m.p.220°) and 
showed negative ferric chloride test. Concentration 
of the methanolic mother liquor furnished a second 
product v/hich after purification from ethyl acetate 
gave 5,7,2'-trimethoxy-8-methyl isoflavone as colour-
less plates (82 mg.) m.p.180-182°. 
Ethoxalvlation of 2.4.6-trihvdroxv-3-methyl-4«-
methoxv deoxvbenzoin: 
2,4,6-Trihydroxy-3-methyl-4'-methoxy deoxy-
63 13? benzoin " ' (4 g.), pyridine (40 ml.) and redistilled 
ethoxalyl chloride-(8 ml.) were used for the condensa-
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tion. The ester obtained (4.48 g.) was crystallised 
from benzene to give pale yellow needles m.p.176-178°. 
This product (2.7 g.) on fractional crystallizations 
from benzene and dilute methanol separated into (a) 
aggregates of light yellow needles (0.85 g.) m.p.201-
203°. 
Found: Q, 65.29; H, 4.71. CgQH.gO^ requires 
C, 64.86; H, 4.90. 
Another product (b) in the form of stout bright yellow 
needles (1 g.) m.p. 199-201° was also obtained. 
Found: C, 64.54; H, 4.62. CgQH^gO,^ requires' 
G , 64.86; H, 4.90 
On further crystallisations from different solvents 
the melting points of the components were not improved. 
The mixed melting point of the two components 
was found to be 172-173° (depression). 
5,7-J3ihvdroxv-8-methvl-4' -methoxv isoflavone: 
The carbethoxy isoflavone (0.95 g.) m.p.l99-
201° on hydrolysis in the usual manner gave the 
carboxy isoflavone» \^ hich crystallised from dilute 
methanol as deep yellow needles (0.8 g.) m.p.280-281'* 
(decomp.) Found: C, 62.84; H, 3.92. G^ gH-j^ Or, requires 
G, 63.16; H, 4.12. 
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The carboxy isoflavone ( 0 . 3 g . ) obtained above 
was decarboxylated at 292° in small p o r t i o n s . ( c a . 50 mg.) 
and the product obtained a f t e r p u r i f i c a t i o n in the 
usual manner gave aggregates of pale yellow needles 
of 5>7-Kiihydroxy-4'-methoxy-8-methyl isoflavone 
(0 .2 g . ) m.p.235-236°. 
Found: c , 68 .19; H, 4 .38 . <^i7Ej^^0^ requi res 
C , 68 .45 , H, 4 . 7 3 . 
5.7,4» -TrimethoxY-8-methvl isof lavone J 
The above dihydroxy isoflavone ( 0 . 1 g . ) was 
subjected t o t o t a l methylation by methyl sulphate 
(0 .7 ml.)J potassium carbonate (2 g . ) and acetone 
(60 ml . ) during f i f t e e n ' h o u r s . The product obtained 
on working up in the usual manner c r y s t a l l i s e d from 
ethyl ace ta te in co lour less needles (75 mg.j m.p.183.5-
184° (reported®^^'-^^^j m.p.l80° and 181-183°). I t 
shov;ed no depression in m.p. on admixture with an 
authent ic sample. 
Found: C, 69 .73 , H, 5 .71 . Calcula ted f o r C-|_gH g^Og 
C , 69 .92 ; H, 5.56. 
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5.741ihvdroxv-6-methvl-4' -mPt.hnxy i so f lavone : 
The carbethoxy isoflavone m.p.201-203° (0 .81 g . ) 
on hydrolysis with excess of Sfo aqueous sodium carbo-
nate as described in the previous cases gave the acid 
which on c r y s t a l l i s a t i o n from ethanol separated in to 
l i g h t yellow needles (O. i g . ) m.p.288-291° (decomp.)• 
The mixed mel t ing .poin t with the 8-isomer obtained 
e a r l i e r was found. to be 264-265°. (depres s ion ) . 
Founds C, 63 .43 ; H, 4 .40 . 0-^QEj_^Or^ r e q u i r e s . 
C , 63 .16; H, 4 .12 . . 
The above acid (0 .3 g . ) on decarboxylat ion a t 
300° as described in the previous cases gave a so l i d 
product which c r y s t a l l i s e d from e thy l ace ta te ( cha r -
coa l ) i n f ine yellow shin ing needles (0 .21 g . ) 
m.p.260-263° (reported"'-'^"^ , 210-212°). The mixed 
melting point with the 8-isomer obtained e a r l i e r was 
found to be 218-220° (depres s ion ) . 
Found: G, 68 .23 ; H, 4 . 8 1 . C^r^-^^0^ r equ i res 
C , 68 .45 ; H, 4 .73 
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5^7.4' -a?rimethoxy-6-methyl isoflavone; 
The above dihydroxy isoflavone (0.1 g.) on 
total methylation by methyl sulphate (0.,7 ml.)> 
potassium carbonate (2 g.) and acetone (60 ml.) during 
thirty hours gave 5,7,4'-trlmethoxy-6-methyl iso-
flavone. it crystallised from ethyl acetate in 
colourless needles (70 mg.) m.p.l69°. It shot-zed no 
depression in melting, point on admixture with an 
32 
authentic sample. 
Found: c, 69.64; H, 5.67 calculated for C^gH^gOg 
C , 69.92; H, 5.56. 
Condensation of 2,4.6-trihvdroxv-3-methvl deoxvbenzoin 
with acetyl chloride and pyridine: 
1?4 2,4 ,6-Trihydroxy-3-methyl deoxybenzoin (1 g. ) 
was dissolved in dry pyridine (20 ml.) and the solu-
tion cooled to 0^. Freshly distilled acetyl chloride 
(1.4 ml.) x-zas slowly added i-fith stirring and the 
reaction mixture was left at 0° for twenty four hours. 
Then crushed ice was added and the solution was 
extracted several times with ether. The ether 
extracts were combined and washed with ice-cold 
hydrochloric acid, then with water and dried 
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(magnessium s u l p h a t e ) . On recover ing e ther a 
reddish brown semi-solid mass (1 .4 g . ) was obtained 
which could not be c r y s t a l l i s e d . 
The semi-sol id mass (1 .4 g . ) obtained above 
was heated under r e f lux with 1C% aqueous sodium 
carbonate (60 ml.) fo r two hours , then cooled and 
ac id i f i ed v/ith d i l u t e hydrochloric a c i d . The preci-
p i t a t e obtained was f i l t e r e d , washed with water and 
c r y s t a l l i s e d from alcohol as co lou r l e s s needles 
(0 .85 g. ) m.p. 224-225° (reported^^*^^ m. p . 249-251® ) . 
Part3,a:i- Herthylation-
The product m.p.224-225® obtained above 
(0.3 g.) was refluxed with methyl sulphate (0.1 ml., 
1 mole) and potassium carbonate (1 g.) in acetone 
(30 ml.) for three hours. The solid mass obtained 
was crystallised from methanol as colourless rectan-
gular plates (0.24 g.) m.p.150-176°. On fractional 
crystallisation from methanol a less soluble fraction 
separated as colourless needles (0.1 g.) m.p.l88-190°< 
It was assigned the probable structure of 5-hydroxy-7-
methoxy-2,6-dimethyl isoflavone (reported *''', 
m.p.l88-190°). The more soluble fraction (probably 
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8-isomer) c r y s t a l l i s e d from mother l i quo r on concentra-
t i o n as l i g h t yellow needles (90 mg.) m.p.131-132° 
124 o 
( repor ted > m.p.151-153 ) . 
Total methvlat ion: , 
The product ra.p.224-225° (0 .2 g.)» nethyl 
sulphate (2 ml.) potassium carbonate (5 g . ) and dry 
acetone (150 ml.) were heated under re f lux fo r f i f t y 
hours . The r e a c t i o n mixture on i^rorking up in the 
usual manner gave a product , which on repeated 
c r y s t a l l i s a t i o n s from methanol separated in to co lour -
l e s s sh in ing needles (90 mg.) m.p.176-177°. The 
melt ing point was not depressed on admixture with an 
authent ic sample of 2,6-dimethyl-5»7-dimethoxy i s o -
flavone obtained by the complete methylat ion of the 
probable 2,6-dimethyl-5-hydroxy-7-«Kthoxy isof lavone. 
Found: C, 73.26; H, 5.55. C-]_gH,g0. r equ i res 
C » 73 .53; H, 5.85. ^ 
The second product obtained from methanolic mother 
l iquor a f t e r concent ra t ion was r e c r y s t a l l i s e d from 
methanol as co lour less needles (60 mg.) m.p.184-1869 
and was cha rac te r i sed as 2j8-dimethyl-5»7-dimethoxy 
124 n 
isoflavone ( repor ted , m.p.184-186-). 
Found: c , 73.84; H, 5.62. O-^Qtl^^Q^ requi res 
C , 73.53; H, 5.85. 
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Gopdensation of 2,4 ,6-trihydroxy-3-methyl cLeoxj^ 
"benzoin -with acetic anhydride and sodium aceliate '• 
A mixture of 2,4,6-trihydroxy-3-methyl deoxy-
124 benzoin (0.75 g.)> acetic anhydride (12 ml.) and 
fused sodium acetate (2 g.) was refluxed at 170-180 
for twelve hours. The contents Mere cooled to 0° and 
then poured into crushed ice and left over night. The 
brown solid thus separated, was filtered off and 
washed with water. It was fractionally crystallised 
from ethanol to give various crops of crystals 
melting in the range of 176-207°. (reported ,m.p.l88-
190^). 
All the crops of crystal obtained above v;ere 
dissolved in alcohol (100 ml.) and concentrated 
sulphuric acid (4 ml.) added. The mixture was 
refluxed for two hours; diluted with an equal volume 
of water and then the alcohol was recovered. The solid 
obtained on cooling was filtered, washed ^ -/ith vrater and 
dried (0.6 g.). It crystallised from ethanol as fine 
124 
colourless needles m.p.220-240 (reported , m.p.256-
257°). 
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MethYlation; 
The product m.p.220-240° (0 .15 g . ) on mono-
methylation with 1 molar, proport ion of methyl su]yphate 
gave a product which on f r a c t i o n a l c r y s t a l l i s a t i o n 
from methanol separated in to a l e s s so luble f r a c t i o n 
in the form of co lour less needles, (30 mg. ) m. p.188-190*^ 
124,173 ( repor ted , m.p.188-190®>. The mixed melt ing 
point with the probable 2>6-dinethyl-5-hydroxy-7-
methoxy isoflavone obtained by ace ty l chlor ide 
pyridine method was undepressed. The. so l i d obtained 
from the mother l iquor a f t e r concen t ra t ion , on 
repeated c r y s t a l l i s a t i o n s from methanol gave very 
l i g h t yellow needles (70 mg.) m. p-. 131-132® . The 
mixed melting point was undepressed on admixture with 
a sample of probable 8-isomer obtained e a r l i e r by 
ace ty l ch lor ide-pyr id ine method. 
Total methylation of the product m.p.220-240° 
( 0 . 1 g . ) with excess of methyl sulphate in the usual 
manner gave a product which separated from methanol 
in to (a ) 2,6-dimethyl-5,7-dimethoxy isoflavone (20 mg.) 
m.p.176-177°. 
Found: G, 73 .31 ; HJ 5.72. OTj^ gH^ gO^  requ i res 
G, 73.53; Ef 5.85 
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Another product (b) 2,8-dimethyl-5,7-di-
methoxy isoflavone was obtained from the methanolic 
mother liquor in the form of colourless needles 
(64 mg.) m.p. 184-186°-'-^ '^ . 
Found: C. 73.29; H, 5.56 calculated for C-J_QH^OO^ 
C , 73.53; H, 5.85. 
Condensation of 2,6-dihydroxy-3,4-dimethoxy deoxybenzoin 
with acetic anhydride and sodium acetate: 
2,6-Dihydroxy-3,4-^imethoxy deoxybenzoin (2 g.) 
(preparation described later), freshly fused sodium 
acetate (2 g.) and acetic anhydride (20 ml.) were 
mixed together and heated in an oil bath at 170-180° 
for twelve hours. Usual work up of the reaction 
mixture gave a solid mass v/hich on one crystallisation 
from ethanol (1.6 g.) melted at 154-202°. Repeated 
fractional crystallisation of the product from 
mixtures of benzene-ethanol and ethanol-petrol (40r60°) 
gave (a) 2-methyl-5-acetoxy-6,7-dimethoxy isoflavone 
as colourless prisms (0.68 g.) m.p.201-203°. 
Found: C,'67.72; H, 5.12. CgQH^gOg requires 
C , 67.79; H, 5.08. 
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Another product (b) 2-methyl-5-acetoxy-7,8-dimethoxy' 
isof].a.vone in the form of colourless needles (0.94 g» )» 
m.p. and mixed m.p.175-178° was also obtained. 
Found: C>-67.51; H» 4.95. '^od^lS^G ^^ 'l^ i^ s^ 
C , 67.79; H, 5.08. 
Both the isoflavones gave negative ferric chloride 
test. 
2-Methyl-5-hydroxv-7»8-dinKthoxv isoflavone '• 
(i) The above 5-acetoxy isoflavone» m.p.175- • 
178° (0.12 g. ) was refluxed mth HI ethanolic 
hydrochloric acid (20 ml.) for forty five minutes. 
Ethanol was removed under reduced pressure and the 
crude 2-methyl-5-hydroxy-7»8-dimethox3'" isoflavone 
thus obtained was crystallised from ethanol as yellow 
plates (75 mg.) m.p. and mixed m.p.123-125°. It-gave 
bright green colour with alcoholic ferric chloride. 
Found: C, 68.97; H, 5.20. G-j^ gH-^ gOg requires 
C , 69.23; H, 5.12. 
(ii) A mixture of 2-hydroxy-3,4,6-trimetho3Q'" 
93 deoxybenzoin (1 g.)> freshly fused sodium acetate 
(1.5 g.) and acetic anhydride (10 ml.) was heated at 
170-180° for sixteen hours. Usual work up of the 
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reaction mixture provided 2-methyl-5»7,8-triinethoxy 
isoflavone (0.6 g.)• It was recrystallised severally 
from ethyl acetate-petrol (40-60°) as white needles 
m.p.104-106° (reported m.p.93r94°). It gave negative 
colour with ferric chloride. 
Pound: C, 69.84; H, 5.46. C-j_gH,gOg requires 
G , 69.93; H, 5.52. 
The above trimethoxy isoflavone (0.2 g.)j 
concentrated hydrochloric acid (5.5 ml.) and water 
(2 ml.) were mixed together and refluxed for four 
hours. A solid separated on cooling which was 
filtered under suction and washed with water. 2-^ Methyl 
-5-hydroxy-7»8-dimethoxy isoflavone (0.1 g.) m.p.l23- • 
125° was obtained after recrystallisation from 
ethanol. It gave bright green colour with alcoholic 
ferric chloride. 
Found: C, 68.89; H, 5.14. C-|_gH,gOg requires 
• C , 69.23; H, 5.12. 
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?>~M<qt.hyl-5-aoetoxv-7,8-<ilmetho?CY Isof lavone: 
The above 5-hydroxy isoflavone in.p. 123-125^ 
(30 mg.) was heated with a mixture of pyridine 
( 0 . 5 ml . ) and ace t i c anhydride ( 0 . 5 ml.) i n a steam 
bath for two hours . Working up of t he r e a c t i o n 
mixture in usual manner gave a so l id mater ia l which 
was r e c r y s t a l l i s e d from e thano l -pe t ro l (40-60°) 
mixture as white needles (26 mg.) m.p. and mixed m.p. 
with previously obtained specimen 176-178°. 
Found: C, 67 .58; H, 4 . 9 1 . ^2(^18^6 ^^^^^^^^ 
C, 67 .79; H, 5.08. 
2-Methyl-5-hydroXV-6 »7-dimethoxv isoflavone t 
2-Methyl-5-acetoxy-6,7-dimethoxy isoflavone, 
m.p.201-203° (0.3 g.) was refluxed with i:i ethanolic 
hydrochloric acid (40 ml.) for forty five minutes, and 
ethanol was removed under reduced pressure. The 
crude 2-methyl-5-hydroxy-6 ,7-dimethoxy is-oflavone 
was crystallised from ethanol as light yellow pris-
matic plates (0.12 g.), m.p.l67-169° . (reported"^^ 
m.p.145-146°). It gave dirty green colour with alcoho-
lic ferric chloride solution. 
Pound: C, 69.10; H, 4.97. G^ g^H-^ gOg requires 
C , 69.23; H, 5.12. 
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2-MethYl-5,6,7-trimethoxY isoflavone: 
2-Methyl-5-hydroxy-6,7-dimethoxy isoflavone, 
m.p.167-169° (0.14 g.)» dimethyl sulphate (0.5 ml.), 
potassium carbonate (2.4 g.), and.acetone (40 ml.) 
•were mixed together and refluxed for forty hours. 
Usual work up of the reaction mixture gave crude 
2-methyl-5,6 ,7-trimethoxy isoflavone, v7hich was 
recrystallised from ethanol as colourless rectangular 
plates (0.12 g.), m.p.153-154° (reported^^^m.p.l54°). 
It gave negative ferric chloride test. 
Found: C, 69.67; H, 5.67. C-j_gH^ gO requires 
C, 69.93; H, 5.52. 
5-HvdrQxv-7-methoxv-8-methYl isoflavone: 
.A mixture of 5,7-dimethoxy-8-methyl iso-
flavone (4.2 g.), concentrated hydrochloric acid 
(63 ml.) and dioxan (63 ml.) was refluxed for four 
hours. The mixture on dilution and cooling gave a 
dark brown product which was filtered off and washed 
with water. It was crystallised as fine yellow 
needles from alcohol (1.8 g.) m.p.166-168°. It gave 
amber green colour with ferric chloride in alcohol. 
Found: C, 72.51; H, 4.87. C^ H^-^ _^ 0^  requires 
G, 72.34; H, *4.96. 
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2»6-Dihydroxy-4-methoxy-3-methyl deoxybenzoin : 
5-Hydroxy-7-methoxy-8-methyl i s o r i a v o n e ( 1 . 3 g . ) 
i n methanol (30 m l . ) and sodium hydroxide (4 g . ) i n 
water (20 m l . ) v/as r e f l u x e d on a water b a t h f o r one . 
and an h a l f hour i n t h e atmosphere of hydrogen. The 
mix tu re vras d i l u t e d wi th water and methanol was 
r ecove red under reduced p r e s s u r e . The r e s i d u e on 
a c i d i f i c a t i o n a f t e r c o o l i n g gave a l i g h t , brown s o l i d 
p r o d u c t , which was c r y s t a l l i s e d tw ice from a l c o h o l as 
l i g h t ye l low c u b i c a l p l a t e s ( 0 . 6 5 g . ) m .p .165-167° . 
I t gave da rk amber co lou r w i t h a l c o h o l i c f e r r i c 
c h l o r i d e . 
Found: C, 7 0 . 6 1 ; H, 5 . 7 5 . C . ^ H T ^ O . r e q u i r e s 
l o 16 4 
C, 7 0 . 5 8 ; H, 5 . 8 8 . 
2,6-Dihydroxy~4-iiiethoxy deoxybenzoin ( 0 . 1 g . ) 
i n d r y ace tone (25 m l . ) was r e f l u x e d f o r oiie and an 
h a l f hour wi th methyl s u l p h a t e ( 0 . 1 m l . ) and fused 
po tass ium ca rbona t e ( 0 . 6 g . ) . The mixture on v/ork-
i n g up i n t h e u s u a l manner gave l i g h t y e l l o w p l a t e s 
from a l c o h o l (90 mg.) m.p . and mixed m.p. w i t h t h e 
124 n 
a u t h e n t i c sample 154-156° . 
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Condensation of 2.6-<iihvdroxy-4-methoxv-3-methvl 
deoxybenzoin with ethvl formate and sodium; 
2t6 -Dihydroxy-4-methoxy-3-inethyl deoxybenzoin 
(0.57 g.) obtained as described earlier, in ethyl 
formate (12 ml.) was added to pulverised sodium 
(0.6 g.) cooled in ice, with stirring during twenty 
minutes. The reaction mixture was kept for forty 
eight hours at 0°. On decomposition in the usual way 
it gave a brown solid product. It was crystallised 
from large volume of methanol as light yellow needles 
(0.3 g.) m.p. and mixed m.p.170-172° with an authentic 
sample of 5-hydroxy-7-methoxy-6-nKthyl isoflavone. 
The mother liquor on concentration gave a 
second crop of light yellow needles (0.1 g.) m.p.l35-
156°. This product (0.1 g.) vras subjected to complete 
methylation by methyl sulphate (0.1 ml.)-freshly fused 
potassium carbonate (1 g.)-acetone (20 ml.) during 
forty six hours. The product obtained on usual work 
up and crystallisation from methanol gave colourless 
needles of 5,7-dimethoxy-8-methyl isoflavone (10 mg.) 
m.p. and mixed m.p. vrith an authentic sample 158-160°. 
The mother liquor on concentration yielded colourless 
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needles of 5j7-dimethoxy-6-me-thyl isoflavone (20 mg.) 
m.p. and mixed m.p. v/ith an au then t ic sample 149-150°., 
Alkal ine I somer isa t ion of 5-hydroxy-7-methoxy-8-methyl 
i snf lavone : 
(a ) Bv potassium ethoxide (Potassium-absolute 
e thano l ) . 
( i ) Pov/dered 5-hydroxy-7-methoxy-8-methyl i s o -
flavone (0 .2 g . ) was added to potassium ethoxide 
(20 ml. ^ ) [metall ic potassium (2 g . ) i n absolute 
ethanol (100 m l . ) ] . The mixture was refluxed' for 
f i f t e e n minutes, d i l u t e d with water and the alcohol 
removed under reduced p ressu re . I t was cooled and 
ac id i f i ed with 10% hydrochloric ac id t o give a s o l i d 
product which was f i l t e r e d and washed with water. On 
c r y s t a l l i s a t i o n from methanol i t gave the unchanged 
yellow needles of s t a r t i ng - i so f l avone (0 .11 g.)> 
m.p. and mixed m.p.166-168°. 
The mother l iquor on concent ra t ion gave yellow 
needles m.p.156-166°. The complete methylation of the 
product m.p.156-166° followed by f r a c t i o n a l c r y s t a l l i -
s a t i on (methanol) , gave 5 5 7-dimethoxy-8-methyl i s o f l a -
vone (10 mg.) m.p. and mixed m.p. with an au thent ic 
- 154 -
sample 158-160° and 5,7-dimethoxy-6-methyl isoflavone 
(12 mg.) m.p. and mixed m.p. with a n a u t h e n t i c sample 
148-149°. 
( i i ) A mixture of 5-hydroxy-7-methoxy-8-methyl 
isoflavone (0 .2 g . ) and potassium ethoxide (20 m l . , 
2%) was refluxed for f o r t y f ive minutes. The product 
was ac id i f i ed and taken in e the r . The e the rea l s o l u -
t i o n was shaken with caus t i c soda so lu t i on (2%). The 
e the rea l l aye r on evaporation l e f t a small res idue 
(probably a mixture of 8- and 6- isoi iers) which could 
not be separated by f r a c t i o n a l c r y s t a l l i s a t i o n . The 
ao^ueous caus t i c soda layer on a c i d i f i c a t i o n gave a 
product , which on repeated c r y s t a l l i s a t i o n s separated 
in to yellow p la t e s m.p.165-167°. I t was ch rac te r i sed 
as 2j6-dihydroxy-4-methox3'"-3-methyl deoxybenzoin by 
mixed melting point and co-chromatography ( s o l v e n t : 
Benzene, Acetic Acid, Formic a c i d , wa te r - 8 ,2 ,1 ,1 ) 
v/ith an authent ic sample. 
(b) By e thyl formate-sodium: 
5-Hydroxy-7-methoxy-8-methyl isoflavone (0 .2 g. ) 
in e thy l formate (15 ml.) was added t o pulver ised 
sodium (0.6 g . ) cooled to 0° and l e f t in r e f r i g e r a t o r 
for t h r e e days. The mixture was worked up in a manner 
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s imi la r to t h a t used in isoflavone s y n t h e s i s . The , • 
product gave yellov; needles (methanol) of 5-hydro3<y-7-
methoxy-8-methyl isoflavone ( 0 . 1 g . ) m.p. and mixed 
m.p. with an authent ic sample 166-168°. 
The mother l iquor gave a product m.p.154-166° 
which on complete methylation and subsequent c r y s t a l l i -
s a t ion from methanol separated in to 5,7-dimethoxy-8-
methyl isoflavone (12 mg.) m.p. and mixed m.p. with 
an authent ic sample 157-159® and 5,7-dimethoxy-6-
methyl isoflavone (13 mg.) m.p. and mixed m.p.147-149® 
with syn the t ic s tandard . 
5-h'vdroxv-7.8-dimethoxv isoflavone : 
93 A mixture of 5,7>8-trimethoxy isoflavone 
m.p.160-162° (reported'^^ m.p.150-151°) (5 g. ) , hydro-
ch lo r i c acid (130 ml.) and water (60 ml . ) was 
ref luxed for four hours . The product obtained, on 
cooling was c r y s t a l l i s e d from alcohol as b r i gh t 
yellow needles of 5-hydroxy-7>8-dimethoxy isoflavone 
(3 g.,) m.p. 154-156° ( repor ted^^ , m.p. 159-160°). 
Found: C, 66 .87; H, 4 . 6 5 . Calcula ted for C-j_gH g^Og 
C, 67.06 5 H, 4 . 7 1 . 
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2»6-Dihydroxy-3,4-dimethoxv deoxybenzoint 
5-Hydroxy-7»8-diiiiethoxy isoflavone (7 g. ) in 
methanol (150 ml . ) and sodium hydroxide (20 g . ) i n 
water (100 ml.) v/as ref luxed on a water ba th fo r one 
and an half hour in the atmosphere of hydrogen. The 
hydrolysate on work up in the usual manner and c r y s -
t a l l i s a t i o n from alcohol y ie lded yellow spear head 
shaped p la t e s ( 4 . 5 g . ) m.p.159-161" ( repor ted , 
m.p. 161-162'^). I t gave red colour with a lcohol ic 
f e r r i c ch lo r ide . 
Found: C, 66 .83 ; H, 5.37 ca lcu la ted f o r C-,_gH-LgOg 
C, 66 .66; H, 5 .55. 
5-Hydroxy-6 >7-dimethoxy isoflavone? 
2,6-Dihydroxy-3,4-dimethoxy deoxybenzoin 
( 0 . 5 g . ) i n e thyl formate (6 ml.) was condensed with 
pulver ised sodium ( 0 . 5 g . ) a t 0° . The product obtained 
on usual work up was c r y s t a l l i s e d from e thy l ace ta te 
as l i g h t yellow rec tangular p la t e s of 5-hydroxy-6,7-
dimethoxj?- isoflavone (0 .32 g . ) m.p.208-210° 
( repor ted , m.p.203-205°). 
Found: C, 6 8 . 7 1 ; H, 4 . 4 8 . Calculated for C-j^^^^Og 
C , 68 .45 ; H, 4 .69 . 
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Alkaline i somer isa t ion of- 5-hvdroxY-7,8-dimethoyv 
i sof lavone: 
( a ) By potassium ethoxide (Potasslum-absolute e t h a n o l ) . 
5-Hydroxy-7,8-dimethoxy isoflavone (0 .2 g . ) 
and potassium ethoxide (20 m l . , 2%) meta l l i c 
potassium (2 g . ) in absolute ethanol (100 ml . ) was 
refluxed. for f i f t e e n minutes. The mixture on usual 
work up and c r y s t a l l i s a t i o n from e thy l ace ta te gave 
5-h3;droxy-6 ,7-#.ethoxy isoflavone as l i g h t yellow 
rec tangular p l a t e s (75 mg.)» m.p. and mixed m.p. with . 
the product obtained e a r l i e r 208-210°. . 
The mother l iquor on concent ra t ion gave 2 , 6 -
dihydroxy-3,4-dimethoxy deoxybenzoin as l i g h t yellow 
spear head shaped p la t e s (80 mg.) m.p. and mixed m.p. 
158-160° -v-dth a standard sample. 
(b) By e thyl formate-sodium? 
5-Hydroxy-7,8-dimethoxy isoflavone ( 0 . 1 g . ) 
i n e thyl formate ( 7 . 5 ml.) was added to pulver ised 
sodium ( 0 . 3 g . ) a t 0 ° . The mixture on working up 
gave a so l id product which on c r y s t a l l i s a t i o n from 
ethyl ace ta te separated in to l i g h t yellow rec tangula r 
p l a t e s of 5-hydroxy-6 ,7-dimethoxy isoflavone (80 mg.) 
m.p. and mixed m.p.208-210° with the syn the t ic standard. 
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A tentative explanation of the different orientations of the isoflavonea produced by ethoxalylation and by the ethyl formate-
sodium synthesis has been advanced. The ethoxalylation of a C-methyl deoxybenzoin (2,4,6-trihydroxy-3-methyl-) (VII) has 
been studied. A mixture of two new isomeric isoilavones 5,7-dihydroxy-8-meth}d-(IXa) and 5,7-dihydroxy-6-methyl-
(IX-b), is obtained. The constitution of the two isoflavones has been proved by their synthesis through conventional methods. 
The difference in the behavior of the 0-methyl deoxybenzoin of type I and C-methyl deoxybenzoin of type VII towards the 
same condensing agent, ethoxalyl chloride, has also been discussed. 
It has been well established''^ that deoxybenzoins 
of type I(R = Ar) on treatment with ethyl formate 
and sodium yield the corresponding isoflavones of 
type II, which result from eyclization at the 6-
hydroxyl group in I. However, when Baker, 
et aU submitted the deoxybenzoin (I. R = p-HO-
C6H4, R ' = H) to the ethoxalylation process, 
they obtained the product 5,7,4'-trihydroxy-8-
methoxyisoflavone (III. R = p-HO —C6H4, R ' = 
(1) R. L. Shriner and R. W, Stephenson, / . Am. Chem. 
Soc, 64, 2737 (1942). 
(2)(a) W. Baker and R. Robinson, J. Chem. Soc, 152 
(1929). (b) G. Bargellini, Gazz. chim. ital, 45, 69 (1916); 
49, 47 (1919). (c) E. Chapman, A. G. Perkin, and R. Robin-
son, J. Chem. Sac, 3015 (1927). (d) V. B. Mahesh, N . Nara-
simhachari, and T. R. Seshadri, Proc. Indian, Acad. Sci., 
39A, 165 (1954). (e) S. A. Kagal, S. S. Karmarkar, and K. 
Venkataraman, Proc. Indian, Acad. Sci., 44A, 36 (1956). 
(3) W. Baker, I. Dunstan, J . B. Harborne, W. D. Ollis, 
and R. Winter, Chem. & Ind., 277 (1953). 
H) resulting from cychzation involving the 2-
hydroxyl group. 
R ' O r ' ]lOH 
OH V 
o 
R 
OH: 2a:) 
I 
OH if 
O 
II 
R 
CH3O 
OH I R 
II I 
Baker et al. (loc. ait.) drew attention to this dif-
ference in the behavior of the two condensing agents 
and remarked that further cases of 5,7,8-orienta-
tion, and the reason causing the orientation in the 
ethoxalylation process to be different from the one 
in the ethyl formate-sodium method, would be 
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explained later. However they have not pubHshed 
further work on this topic. 
The present communication advances a tentative 
explanation of the different orientations with eth-
oxalyl chloride and ethyl formate-sodium. 
The formation of isoflavones of type II from 
deoxybenzoins (I) by the ethyl formate-sodium 
method probably involves the intermediate (IV).* 
Intermediates of this type will cyclize to give 5,6,7-
rather than 5,7,8-substituted flavonoids.* This pref-
erential cyclization can probably be attributed to 
the fact that in IV the 2-hydroxyl group is hydro-
gen-bonded to the adjacent methoxyl and so is less 
reactive than the 6-hydroxyl (c/. ref. 5). 
R'Oi 
In contrast, the ethoxalylation of I will lead to 
the intermediate V which then cyclizes to III.^ 
The formiation of intermediate V rather than VI 
is due to the fact that the 6-hydroxyl group in I is 
more reactive than the 2-hydroxyl. There are two 
reasons for this: Firstly the 2-hydroxyl is hydrogen-
bonded to the adjacent methoxyl; secondly the 
2-hydroxyl group is the more sterically hindered. 
R'O 
OCH3 
nOH COCOOC2H5 
I 
X H — R 
R'Oi COCOOC2H5 
I 
CH—R 
As stated above Baker et al.^ found that ethoxal-
ylation of the 0-methyldeoxybenzoin of type I 
gives an isoflavone of 5,7,8-orientation (III). The 
fact that the methyl group in C-methylphloro-
glucinol and C-methylphloroacetophenone deriva-
tives is similar in behavior to the methoxyl or 
hydroxyl groups in methylation and chromone ring 
(4) E. Spath and E. Lederer, Ber., 63, 743 (1930). 
(5) T. S. Wheeler, Bid. insi. poliieh. Isasi, 4, 181 (1958). 
(6) W. Baker, J . Chadderton, J . B. Harborne, and W. D. 
OlUs, J. Chem. Soc, 1852 (1953). 
closure led us to investigate the ethoxalylation of C-
methyldeoxybenzoin of type VII, with a view to 
obtaining an isoflavone of 5,7,8-orientation. A fur-
ther advantage in this procedure was that it dis-
pensed with the intermediate step of demethylation. 
The usual demethylating agents, hydriodic and 
hydrobromic acid, have been shown to bring about 
a partial change of orientation in such cases (meth-
ylgenistein and methylisogenistein)' from 5,7,8-
to 5,6,7-positions, thus necessitating the cumber-
some separation of the isomers. Even with a mild 
demethylating agent, aluminum chloride in dry 
benzene, the change of orientation in one case (8-
methylisogenistein)' has been reported. 
I t was from these considerations that 2,4,6-tri-
hydroxy-3-methyldeoxybenzoin (VII) was selected 
for the present study. 
The deoxybenzoin (VII) was condensed with 
ethoxalyl chloride and the product on subsequent 
workup gave a gummy mass. The gummy mass 
on repeated crystallization from benzene and 
methyl alcohol separated into two definite carb-
ethoxyisoflavones, one of which the more soluble 
had m.p. 179.5-180.5° and the other had m.p. 
243-244°. The sodium amalgam tests with both 
the isoflavones were positive. 
Carbethoxyisoflavone, m.p. 179.5-180.5° on hy-
drolysis gave the carboxyisoflavone m.p. 265° 
dec. which when decarboxylated by heating above 
its melting point produced the hydroxyisoflavone 
(IX a or IX b) m.p. 189-191°. The hydroxy-
isoflavone on methylation with methyl sulfate-
potassium carbonate-acetone gave the methyl ether 
of the isoflavone m.p. 158-160°. This was identified 
as 5,7-dimethoxy-8-methylisoflavone (X a) by a 
mixed melting point determination with an authen-
tic sample of the isoflavone prepared by two new 
unequivocal syntheses from 2-hydroxy-3-methyI-
4,6-dimethoxydeoxybenzoin (XI), in one case 
through the ethyl formate-sodium sjTithesis, and 
in the other case by treatment with ethoxalyl 
chloride. In the latter case a thick oil was obtained, 
which even on repeated attempts could not be 
crystallized. The product was therefore treated 
with a mixture of glacial acetic and hydrochloric 
acids on a water bath for 0.5 hr. The crystalline 
product thus obtained gave on hydrolysis a-car-
boxyisoflavone m.p. 220-221° together with some 
unchanged deoxybenzoin. The acid on decar-
boxylation gave 5,7-dimethoxy-8-methyl isoflavone 
(X a) m.p. 158-160°. 
I t is suggested that the thick oil obtained by the 
ethoxalylation of the deoxybenzoin (XI) may be 
the 2-hydroxyisoflavanone derivative which on 
dehydration would give the easily crystallizable 
corresponding isoflavone derivative. This suggestion 
is in line with the findings of Baker et al.,^ who have 
(7)(a) W. B. Whalley, Chem. & Ind., 277 (1953). 
W. B. \ATialley, / . Chem. Soc, 3366 (1953). 
(b) 
946 FAEOOQ, RAHMAN, AND NASIM VOL. 27 
R C O O 
HO 
CHjOi-^^ ' 
CH: 
CH3O r ^ ^ ^ ^ O H 
xir 
Methyl Iodide 
-Sodium Methoxide 
H O i < ^ ^ O H 
'<> ^CH. 
OH 
reported that in the case of 2-hydroxy-4,6-di-
methoxydeoxybenzoin the primary product of the 
reaction was 2-hydroxy-5,7-dimethoxyisoflavanone. 
Carbethoxyisoflavone, m.p. ^^5-^44° on hydroly-
sis gave a carboxyisoflavone, m.p. 281-282° dec, 
which yielded a hydroxyisofiavone, m.p. 225-227°. 
This isoflavone on partial methylation with methyl 
sulfate-potassium carbonate-acetone gave a product 
which separated from methanol as light yellow 
needles. These needles first changed into clusters 
of fine needles at 150° and finally melted at 170-
172°. The product gave an intense green colo-
ration with alcoholic ferric chloride, and was char-
acterized as 5 - hydroxy - 7 - methoxy - 6 - methyliso-
flavone (XII) by its melting and mixed melting 
points with an authentic sample. The authentic 
sample was prepared by methylation of 5,7-
dihydroxyisoflavone (XIII) with methyl iodide 
in methanol containing sodium methoxide (Baker 
and Robinson^; Whalley'). Further the methyla-
tion of 5-hydroxy-7-methoxy-6-methylisoflavone 
(XII), obtained by either method, with methyl 
sulfate (large excess)-potassium carbonate for 
60 hr. gave 5,7-dimethoxy-6-methylisoflavone 
(Xb), melting and mixed melting point 149-150°. 
I t showed a negative ferric chloride reaction. 
The melting points of the above 6- and 8-methyl-
isoflavones and their intermediates are recorded in 
Table I, and except of the totally methylated iso-
flavone, lend further support to the observation 
that the 6-methyl derivatives melt higher than the 
corresponding 8-methyl derivatives.' This observa-
tion also holds good in the flavone and chromone 
series as is shown by Table II. 
This dual course of ring closure in C-methyl-
deoxybenzoin finds an explanation on close exami-
nation of the mechanism^ of the ethoxalylation 
process. The formation of the products of both 
5,7,8- and 5,6,7-orientations suggests the inter-
mediates (Villa and Vll lb) . These intermediates 
can then cyclize to the corresponding isoflavones 
(IXa and IXb). It would be expected for steric 
reasons that the formation of Vil la) should be 
favored, and hence IXa should, as we have observed 
experimentally, be formed in greater amount than 
IXb. The fact that the 3-methyldeoxybenzoin 
(VII) on ethoxalylation gives two isoflavones 
(IXa and IXb), while ethoxalylation of the 3-
methoxydeoxybenzoin (I) gives only the 5,7,8-
substituted isoflavone (III), is not surprising: 
the 2-hydroxyl group in I is hydrogen-bonded to 
the adjacent methoxyl and so should be less re-
active than the 2-hydroxyl group in VII. Thus 
while the intermediates Vi l l a and Vl l lb are formed 
from VII, only the intermediate V and not VI 
is formed from I. 
XIV 
(8) W. Baker and R. Robinson, / . Chem. Soc, 2713 
(1926). 
(9) T. R. Seshadri and S. Varadarajan, Proc. Indian, 
Acad. Sci., 37A, 145 (1953). 
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TABLE I 
N E W 6- AND 8-METHYLISOFLAVONES 
8-Methyl- M.P. 6-Methyl- M.P. 
2-Carbethoxy-5,7-dihydroxy-8-methyl- 179.5°-180.5° 
2-Carboxy-5,7-dihydroxy-8-methyl- 265° dec. 
5-7-Dihydroxy-8-methyl- 189-191 ° 
5,7-Dimethoxy-8-methyl- 158-160° 
2-Carb6thoxy-5,7-dihy droxy-6-methyl- 243-244 ° 
2-Carboxy-5,7-dihydroxy-6-methyl- 281-282° dec. 
5,7-Dihydroxy-6-methyl- 225-227° 
5,7-Dimethoxy-6-methyl 149-150° 
TABLE I I 
R E P O K T E D 6- AND 8-METHYLFIiAVONES, -CHHOMONES AND -ISOFLAVONES 
8-Methyl- M.P. 6-Methyl- M.P. 
Flavones 
5,7-Dihydroxy-8-methyl-
(8-Methylchrysin) 
Chromones 
2,8-Dimethyl-5,7-dihydroxy-
(Isoeugenitol) 
2,8-Diniethyl-5-hydroxy-7-metlioxy-
(Isoeugenitin) 
Isoflavones 
5,7,2 '-Trimethoxy-8-methyl-
5,7,4'-Trimethoxy-8-methyl-
5-Hydroxy-7,4'-dimethoxy-8-methyl 
5,7,4 '-Trihy droxy-8-methyl-
(8-Methylgenistein). 
255-256° 
235-237° 
148-149° 
180° 
181-183° and 180° 
164-166° and 167° 
231-232° and 252° 
5,7-Dihydroxy-6-methyl-
(6-Methylchrysin) 
2,6-Dimethyl-5,7-dihydroxy 
(Eugenitol) 
2,6-Dinaetliyl-5-hydroxy-7-methoxy-
(Eugenitin) 
5,7,2'-Trimethoxy-6-methyl-
5,7,4'-Trimethoxy-6-methyl-
5-Hydroxy-7,4'-dimethoxy-6-methyl-
5,7,4'-Trihydroxy-6-methyl-
(6-Methylgenistein). 
308-310° 
274-276° 
161-162° 
220° 
169" 
200-202° and 169° 
276-278° 
"^  The only exception noted is in the case of complete!}' methylated methyl genistein. 
EXPERIMENTAL ^ ^ 
Ethoxalylation of S,4,6-lrihydroxy-S-methyldeoxybemoin 
(VII) . To an ice cold solution of 2,4,6-trihydroxy-3-methyl-
doexybenzoin" (VII) (5.0 g.) in pyridine (50 cc.) was slowly 
added. Slowly with shaking redistilled ethoxalyl chloride 
(8.8 cc ) . The mixture after standing for 24 hr. at room 
temperature was poured into water and e.xtracted with 
chloroform. I t was washed with 10% hydrochloric acid, dried 
(magnesium sulfate) and evaporated. The product on re-
peated crystallization from benzene and methanol gave two 
products. One of the products was less soluble and came in 
the form of yellow shining plates (1.2 g.), m.p. 243-244° giv-
ing a dirty green color with ferric chloride. The second 
product was obtained in yellow leaflets (1.6 g.), m.p. 179.5-
180.5°, giving a reddish brown ferric chloride reaction. 
Both products gave a pink coloration with sodium amalgam 
followed by acidification with hydrochloric acid. 
Anal. Calcd. for CisHisOe: C, 67.06; H, 4.71. Found: 
for the product m.p. 243-244°, C, 67.32; H, 4.46 and for 
the product m.p. 179.5-180.5°, C, 66.84; H, 4.35. 
5,7-Dihydroxy~8-methylisoflavone ( IXa) . The carbethoxy-
isoflavone, m.p. 179.5-180.5°, (1.5 g.) in acetone was warmed 
for 4 hr. with excess of 5 % aqueous sodium carbonate. 
After evaporation of the acetone, the cooled solution on 
acidification precipitated the acid, which crj'stallized from 
dilute methanol as yellow prisms (1.2 g.) m.p. 265° dec. 
Anal. Calcd. for CnHizOe: C, 65.38; H, 3.84. Found: 
C, 65.32; H, 3.74. 
The acid was decarboxylated by heating rapidly in por-
tions (ca. 50 mg.) to 275° till the evolution of carbon dioxide 
ceased. The crude melt was extracted with ethyl acetate, 
washed with aqueous sodium bicarbonate and then with 
water. The ethyl acetate extract was dried (magnesium 
(10) All the melting points are uncorrected. 
(11) R. lengar, A. C. Mehta, T. R. Seshadri, and S. 
Varadarajan, / . Set. Ind. Res. (India), 13B, 166 (1954). 
sulfate) and the solvent recovered. The solid obtained on 
crystallization from ethyl acetate gave the isoflavone in 
cubical plates m.p. 189-191°. I t gave a green color with 
ferric chloride and a positive test with sodium amalgam 
followed by acidification. 
Anal Calcd. for CsHi^O,: C, 71.64; H, 4.48. Found: 
C, 71.26; H, 4.44. 
I t was characterized as 5,7-dihydroxy-8-methylisoflavone 
(IXa) by forming its methyl ether. The methylated product, 
m.p. 158-160°, showed no depression in the melting point on 
admixture with an authentic sample of 5,7-dimethoxy-8-
methylisoflavone (X-a). 
6,7-Dimethoxy-8-methyUsofiavcme (Xa). (a) Methylaiicm.: 
5,7-Dihydroxy-8-methylisoflavone (IXa) (0.15 g.) was 
heated under reflux for 40 hr. in acetone (30 cc.) with 
freshly ignited potassium carbonate (2.0 g.) and methyl 
sulfate (0.20 cc.) yielding 5,7-dimethoxy-8-methylisoflavone 
(Xa) (0.12 g.) which crystallized from methanol as color-
less shining needles m.p. 158-160°. 
Anal. Calcd. for CisHieOi: C, 72.97; H, 5.41. Found: 
C, 72.65; H, 5.39. 
(b) Ethyl formate-sodium synthesis: A suspeiision of 2-hy-
droxy-3-methyl-4,6-dimethoxyphenyl benzyl ketone ( X I ) " 
(0.6 g.) in freshly distilled ethyl formate (15 cc ) , cooled to 
0°, was gradually added (over 30 min.) with stirring to 
pulverized sodium (0.5 g.). The stirring was continued for 
an hour and the reaction flask was left in the ice chest for 
48 hr. Pieces of ice and hydrochloric acid (15 c c ) were then 
added and the unchanged ethyl formate was distilled under 
reduced pressure. The brown solid obtained on cooling was 
filtered and washed with water. On crj'staUization from 
methanol it separated in the form of colorless shining 
needles (0.37 g.) m.p. and mixed m.p. with 5,7-dimethoxy-8-
methylisoflavone 158-159°. 
(c) Ethoxalylation: Ethoxalyl chloride (0.9 cc.) was 
gradually added to an ice-cold solution of 2-hydroxy-3-
methyl-4,6-dimethoxyphenyl benzyl ketone (XI) (1.0 g.). 
in pyridine (10 cc ) . The mixture was left for 24 hr. at room 
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temperature and then poured into water. I t was extracted 
with chloroform, washed with 10% hydrochloric acid and 
dried (magnesium sulfate). On evaporating the solvent a 
brown oily substance was left which could not be crystallized. 
I t was heated for 0.5 hr. with a mixture of glacial acetic acid 
(10 cc.) and hydrochloric acid (1 cc ) . The mixture was 
poured into a large volume of water which resulted in the 
separation of a faintly pink solid. On crystallization from 
ethanol it gave colorless needles, m.p. 153-154°. The ester 
(0.5 g.) in alcohol was refluxed for 4 hr. with excess of 5 % 
aqueous sodium carbonate. After evaporation of alcohol the 
solution was cooled and acidified. The precipitate obtained 
was taken up in ether and thoroughly washed with an 
aqueous solution of sodium bicarbonate. The bicarbonate 
extract on acidification gave a solid product which on 
repeated crystallization from methanol separated into yellow 
shining needles, m.p. 220-221°. The ethereal layer on 
evaporation left a small quantity of unchanged XL The 
carboxyisofiavone was deoarboxylated in the usual manner 
by heating at 235°. On subsequent workup it gave a sohd 
which on crystallization from methanol separated into 
colorless shining needles, m.p. 158-160°. I t showed no 
depression in melting point with the 5,7-dimethoxy-8-
methylisoflavone (X a) synthesized by either of the methods 
(a) and (b). 
6,7-DihydToxy-6-melhyl isoflavone (IX b). The carbethoxy-
isoflavone, m.p. 243-244°, (1.2 g.) on hydrolysis in the usual 
manner gave a product which on crystallization from dilute 
methanol separated into light yellow aggregates of needles 
(0.5 g.) m.p. 281-282° dec. I t gave a blackish green ferric 
chloride reaction. 
Anal. Calcd. for C H . j O e : C, G5.38; H, 3.84. Found: 
C, 65.54; H, 3.91, 
The carboxyisofiavone was decarboxylated in portions 
{c,a, 50 mg.) a t 295° exactly as described earlier. The product 
on crystallization from ethyl acetate gave rectangular plates 
m.p. 225-227°. I t gave a positive test of isoflavone with 
sodium amalgam followed by acidification. I t was char-
acterized as 5,7-dihydroxj'-6-methyl isoflavone (IX b). 
Anal. Calcd. for" CieHi^Oi: C, 71.64; H, 4.48. Found: 
C, 71.38; H, 4.61. 
S-Hydroxy-7-methoxy-6-methylisoflavone (XII ) . 5,7-Dihy-
droxy-6-methylisoflavone (IX b) (0.3 g.) in dry acetone 
(50 cc.) was heated under reflux with methyl sulfate (1 
mole) and anhydrous potassium carbonate (1 g.) for 8 hr. 
The product on the i 
yield from a large voluS 
changing into clusters ot 
melting a t 170-172°. I t gavl 
reaction in alcohol. 
Anal. Calcd. for C17H14O,: 
C, 72.29; H, 4.76. 
5,7-Dimethoxy-e-melhylisoflavone (^ 
isoflavone (XII ) (0.2 g.) on further methySl 
sulfate (large excess)- potassium carbonaS 
60 hr. gave a quantitative yield of 5,7-dimethoxSI 
isoflavone (X b) as colorless needles, m.p. 149-15B 
dilute methanol.) I t gave no color with alcoholic' 
chloride and a pink color with sodium amalgam. 
Anal. Calcd. for CisHieO,: G, 72.97; H, 5.41. Found: 
73.01 ;H , 5.29. 
(b) Benzyl 2,4,6-trihydroxyphenyl ketone (XIV)i2 (2.6 g.) 
on ethoxalylation gave 2-carbethoxy-5,7-dihydroxyisoflavone 
(2.45 g. 70%; cf. 4 5 % Baker et aW) as light yeUow needles, 
m.p. 230°. The carbethoxyisoflavone on work-up according 
to Baker et aZ."" gave 5,7-dihydroxyisoflavone (XI I I ) as 
plates, m.p. 195-196°. 
5,7-Dihydroxyisoflavone (XII I ) , (0.45 g.) in methanol 
(25 cc.) containing dissolved sodium (0.7 g.) and methyl 
iodide (3.5 cc.) was refluxed for 15 hr. The product after 
removing the solvent under reduced pressure was treated 
with water and 2N hydrochloric a«id. The precipitate on 
washing with water separated from a large volume of metha-
nol in light yellow needles (80 mg.) changing into clusters of 
fine needles a t 150° and finally melting a t 170-172°. No 
depression in melting point was noted on admixture with 5-
hydroxy-7-methoxy-()-methylisoflavone (XI I ) obtained ear-
lier. I t gave a bluish green ferric reaction in alcohol. 
Further methylation for 60 hr. with methyl sulfate (large 
excess) potassium carbonate-acetone gave a quantitative 
yield of 5,7-dimethoxy-6-methylisoflavone (X b), m.p. and 
mixed m.p. with the compound obtained earlier 149-150°. 
I t gave no coloration with alcoholic ferric chloride. 
Anal. Calcd. for CuHieO,: C, 72.97; H, 5.41. Found: C, 
72.73; H, 5.52. 
ALIGARH, INDIA 
(12) G. G. Badcock, G. W. K. Cavill, A. Robertson, and 
W. B. \¥halley, J. Chem. Soc, 2961 (1950). 
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temperature and then poured into water. I t was extracted 
with chloroform, washed with 10% hydrochloric acid and 
dried (magnesium sulfate). On evaporating the solvent a 
brown oily substance was left which could not be crystallized. 
I t was heated for 0.5 hr. with a mixture of glacial acetic acid 
(10 oc.) and hydrochloric acid (1 cc ) . The mixture was 
poured into a large volume of water which resulted in the 
separation of a faintly pink solid. On crystaUization from 
ethanol it gave colorless needles, m.p. 153-154°. The ester 
(0.5 g.) in alcohol was refluxed for 4 hr. with excess of 5 % 
aqueous sodium carbonate. After evaporation of alcohol the 
solution was cooled and acidified. The precipitate obtained 
was taken up in ether and thoroughly washed with an 
aqueous solution of sodium bicarbonate. The bicarbonate 
extract on acidification gave a solid product which on 
repeated crystallization from methanol separated into 3'ellow 
shining needles, m.p. 220-221°. The ethereal layer on 
evaporation left a small quantity of unchanged XI . The 
carboxyisoflavone was decarboxylated in the usual manner 
by heating at 235°. On subsequent workup it gave a soUd 
which on crystallization from methanol separated into 
colorless shining needles, m.p. 158-160°. I t showed no 
depression in melting point with the 5,7-dimethoxy-8-
methylisoflavone (X a) synthesized by either of the methods 
(a) and (b). 
5,7-Dihydroxy-6-meihyl isoflavone ( IX b). The carbethoxy-
isoflavone, m.p. 243-244°, (1.2 g.) on hydrolysis in the usual 
manner gave a product which on crystallization from dilute 
methanol separated into light yellow aggregates of needles 
(0.5 g.) m.p. 281-282° dec. I t gave a blackish green ferric 
chloride reaction. 
Anal. Calcd. for CnH.jOe: C, 65.38; H, 3.84. Pound: 
C, 65.54; H, 3.91, 
The carboxyisoflavone was decarboxylated in portions 
{ca. 50 mg.) a t 295° exactly as described earlier. The product 
on crystallization from ethyl acetate gave rectangular plates 
m.p. 225-227°. I t gave a positive test of isoflavone -wdth 
sodium amalgam followed bj ' acidification. I t was char-
acterized as 5,7-dihydroxv-6-methyl isoflavone (IX b). 
Anal. Calcd. for CieHiaO,: C, 71.64; H, 4.48. Found: 
C, 71.38; H, 4.61. 
S-Hydroxy-7-methoxy-6-methylisoflavone (XII ) . 5,7-Diliy-
droxy-6-methylisoflavone (IX b) (0.3 g.) in dry acetone 
(50 cc.) was heated under reflux with methyl sulfate (1 
mole) and anhydrous potassium carbonate (1 g.) for 8 hr. 
The product on the usual work up separated in quantitative 
yield from a large volume of methanol as light yellow needles 
changing into clusters of fine needles a t 150° and finally 
melting a t 170-172°. I t gave a bluish green ferric chloride 
reaction in alcohol. 
Anal. Calcd. for C i ,H„0 . : C, 72.34; H, 4.96. Found: 
C, 72.29; H, 4.76. 
5,7-Dimethoxy-8-methi/lisoflavone (X b). (a) The above 
isoflavone (XII ) (0.2 g.) on further methylation with methyl 
sulfate (large excess)- potassium carbonate-acetone for 
60 hr. gave a quantitative yield of 5,7-dimethoxy-6-methyl-
isoflavone (X b) as colorless needles, m.p. 149-150°, (from 
dilute methanol.) I t gave no color with alcoholic ferric 
chloride and a pink color with sodium amalgam. 
Anal. Calcd. for CsHieO,: C, 72.97; H, 5.41. Found: C, 
73.01; H, 5.29. 
(b) Benzyl 2,4,6-trihydroxyphenyl ketone ( X I V ) " (2.6 g.) 
on ethoxalylation gave 2-carbethoxy-5,7-dihydrox3asoflavone 
(2.45 g. 70%; cf. 4 5 % Baker et al.'^o) as light yellow needles, 
m.p. 230°. The carbethoxyisoflavone on work-up according 
to Baker et al.^" gave 5,7-dihydroxjdsoflavone (XII I ) as 
plates, m.p. 195-196°. 
5,7-Dihydroxyisoflavone (XII I ) , (0.46 g.) in methanol 
(25 cc.) containing dissolved sodium (0.7 g.) and methyl 
iodide (3.5 cc.) was refluxed for 15 hr. The product after 
removing the solvent under reduced pressure was treated 
with water and 2N hydrochloric acid. The precipitate on 
washing with water separated from a large volume of metha-
nol in light yellow needles (80 mg.) changing into clusters of 
fine needles a t 160° and finally meltmg at 170-172°. No 
depression in melting point was noted on admixture with 5-
hydroxy-7-methoxy-6-methylisoflavone (XII ) obtained ear-
lier. I t gave a bluish green ferric reaction in alcohol. 
Further methylation for 60 hr. with methyl sulfate (large 
excess) potassium carbonate-acetone gave a quantitative 
yield of 5,7-dimethoxy-6-methylisoflavone (X b), m.p. and 
mixed m.p. with the compound obtained earlier 149-150°. 
I t gave no coloration with alcoholic ferric chloride. 
Anal. Calcd. for CisHisO^: C, 72.97; H, 6.41. Found: C, 
72.73; H, 5.52. 
ALIGARH, INDIA 
(12) G. G. Badcock, G. W. K. Cavill, A. Robertson, and 
W. B. ^Vhalley, / . Chem. Soc, 2961 (1960). 
Tetrahedron Letters No. 18, pp. 628-631, I96I. Pergamon Press Ltd. Printed 
in Great Britain. 
ORIENTATION IN ISOFLAVONES 
W. Rahman and Kh. Takrimullah Nasim 
Chemistry Department, Muslim University, Aligarh/lndia 
(Received 22 September I961) 
IN our earlier communication it has been observed that the deoxybenzoin 
(l; H = Me, R' = '^f.^i:) °^ submitting to ethoxalylation process gives a 
mixture of 5:7-<iihydroxy-8-methyl- and 5:7-dihydroxy-6-methyl isoflavones 
(II and III; R = Me, R' = CgH^, R " = R'" = R " " = H) resulting from the 
cyclization involving 2- and 6-hydroxyl groups respectively. An explanation 
for the dual course of cyclization has also been advanced. 
R 
W 0 
After completing this study we came across the work of Mehta and 
2 
Seshadri where they have reported that the deoxybenzoin of a similar type 
M.O. Farooq, W. Rahman and Kh. Takrimullah Nasim, J.Org.Chem. In 
press (1961). 
A.C. Mehta and T.E. Seshadri, J.Chem.Soc. 3823 (l954). 
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No .18 Verbindungen aus Bora-indanen und Alkallmetallen 627 
R H 
^B^ + HD 
Bei der IJmsetziing der Bora-indan-natriuin-Terbindmigen mit Ithylbromid 
in benzolisoher Lflsung bei Eaumtemperatux wird Natriumbromid abgeschieden. 
Uuter den gebildeten nicht salzartigen Verbindungen IHsst sioh durch IR-
Spektroskopie ein Bora-indan naohweiaen, das einen 1,2,4-trlsubstituierten 
Phenylkem enthSlt (IR-Bande bei 821 cm" ) . 
No^ ^ te> 
/ 
R 
0 
^z^s 
+ C2HgBr •NaB ^^w B 
R 
Da sich die Bora-indan-alkaliinetall-"addukte" unter den gleiohen 
Bedingungen bilden wie die "Additionsprodukte" aus Alkallmetallen und 
Triarylboranen und ausserdem z.B. dem Triphenylbor-natrium in ihren 
Eigenechaften und Eeaktionen sehr ahnlioh sind, vermuten wir, dass die 
StruktuT dieser Verbindungen derjenigen der Bora-indan-alkalimetall-verbin-
dungen analog ist. Das Bortriphenyl-natrium aollte demnach als Komplexsalz 
mit 4-bindigem Bor u.a. folgendes Bauelement enthalten. 
2 0 
^ ^ 
/ ^ \ 
^6^5 
"5 Ce 
"Cf^Hj^ 
% .^e'^s 
\ ^ - ^ B 
^ \ 
H 
2 No e 
No.18 Orientation in isoflavones 629 
(ij E = Me, R' = £-MeO.C^H ) on ethoxalylation yields finally only'one 
isomer, 5:7-dihydroxy-4'-iiiethoxy-6-methyl isoflavone (ill; R = Me, R' = 
p-MeO.C^H,, R'' = R''' = Rii'' = H ) , According to our explanation as to 
the course of cyclization of the deoxybenzoins of the'above type with 
ethoxalyl chloride, the formation of one isomer and that too of 5=Sty-
orientation appeared to be inconceivable. The reinvestigation of ethoxalyat-
ion of 2:4:6-trihydroxy-3-methyl-4'-methoxydeoxybenzoin (l; R = Me, R' = 
p-MeO.CgH.) appeared of interest and therefore the present work was under-
taken. 
The deoxybenzoin (l; R = Me, R' = p-MeO.C^H.) on ethoxalylation gave 
a product m.p. 176-78°. This product uas assigned the struotTire of ethyl 
5:7-'iihy<lroxy-4'-methoxy-6-methyl isoflavone-2-carboxylate (lllj R = Me, 
Ri = p-MeO.CgH,, R " - COgEt, R " ' = R " " = H ) by Mehta and Seshadri^. 
The carbethoxy isoflavone (ill; R = Me, R' = £-MeO.CgH., E " = CO„Et, 
gill ^ j{i! 1 I = H) on hydrolysis yielded the corresponding carboxylsoflavone 
(ill; R = Me, R' = ^-MeO.CgH., R " = CO H, R " ' = R " " = H ) . 
The melting point of the aold is not, however, reported. The crude 
carboxylsoflavone on decarboxylation at 275° gave an isoflavone m.p. 210-
212°. It was characterized by them as 5!7-<iihydroxy-4'-methoxy-6-methyl 
isoflavone (ill; R = Me, E' = p-MeO.CgH , R " = R'' ' = R " " = H) by 
partial methylation to 5-hydroxy-7:4'-<iimethoxy-6-methyl isoflavone (ill; 
R = R " ' = Me, R' = p-MeO.CgH , R " = R " ' ' = H ) . The latter showed no 
depression in melting point on admixture with the nuclear methylation 
product of genistein. 
The product m.p. 175-178° (erroneously assigned the structure of ethyl 
5:7-dihydroxy-4'-methoxy-6-methyl isoflavone-2-carboxylate by Mehta and 
' W. Baker and R. Robinson, J.Chem.Soc. 2713 (l926), 
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2 
Seshadri ) was found by the present authors, to te a mixture of two isomers 
very difficult to separate. It was, however, resolved by a careful 
fractional crystallization from benzene-methanol into two distinct products 
melting at 199-201° •and 201-203°. The mixed melting point of the two isomers 
2 
was found to be 176-178° as reported by the previous workers for one com-
ponent . 
The oarbethoxyisoflavone melting at 199-201° on usual hydrolysis and 
decarboxylation gave the corresponding carboxy- and then hydroxy-isoflavone 
m.p.'s 280-281° and 235-236° respectively. The latter was characterized as 
5:7-dihydroxy-4'-methoxy-8-methyl isoflavone (ll; R = Me, R' = £-Me0.CgH., 
R" - H'" = R'"' = H) by its complete methylation to 5i7i4'-trimethoxy-8-
methylisoflavone (ll; R = H" ' = R'' " = Me, R' - £-Me0.CgH , R" = H) 
4 
m.p. and mixed m.p. 180°, 
The oarbethoxyisoflavone m.p. 201-203° (lUi H = Me, R' = £-MeO.CgH , 
R" - CO Et, E' " = R" " = H) on similar treatment as above yielded the 
corresponding carboxyisoflavone m.p. 288-91° (ill; R = Me, R' = £-MeO.C,H,, 
R" = COpH, R" ' = H'lii „ H) and then an isoflavone. It was characterized 
as 5:7-dihydroxy-4'-methoxy~6-methyl isoflavone m.p. 260-263° (llli R •= Me, 
Ri = £-MeO.CgH., R" - R" ' = R" " = H) by the preparation of its complete 
methyl ether m.p. 169°. It showed no depression in melting point on 
5 6 
admixture with an authentic sample ' of 5!7!4'-'trimethoxy-6-methyl iso-
flavone (III! E = R'" = Ri'i' = Me, E' » p-MeO.CgH., R" = H). 
The ethoxalylation of 2:4!6-trihydroxy-3-methyl-4'-methoxy deoxybenzoin 
(l) R = Me, R' = £-MeO.CgH.) resulting in the formation of isomeric 
isoflavones of 5:6sj- and 5i7i8-orientatlon8 lends support to our previous 
'* W.B. Whalley, J.Amer.Chem.Soc. J^, 1059 (1953). 
^ W.B. Whalley, J.Chem.Soc. 3366 (1953). 
^ W.B. Whalley, Chem.&Ind. 277 (1953). 
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findings and is not in agreement with the findings of Mehta and Seshadri , 
Further confirmation to our findings has "been fiimished by the investigation 
of ethoxalylation of 2:4:6-trihydroxy-3-methyl-2'-methoxy deoxybenzoin (l; 
E = Me, R' = o-MeO.C,H.) where again in isomeric mixture of 5:6:T- and 5:7:8-
Isoflavones has been obtained. 
The full details of this work will appear elsewhere. 
Tetrahedron Letters No. 18, pp. 632-6J6, I96I. Pergamon Press Ltd. Printed 
in Great Britain. 
THE REACTIVITY AND ELECTRONIC SPECTRA OF 
PSEUDOAROMATIC SULPHUR COMPOUNDS 
R. Zahraiinik and J, Koutecky 
Institute of Physical Chemistry, Czechoslovak Academy of Sciences, 
Prague* 
(Received 3 October I961) 
PSEUDOAROMATIC sulphur compounds which we have studied "by means of the 
simple MO-LCAO method can "be divided into four groups according to the parent 
substances from which they can be formally derived by the substitution of 
the -GH=GH- group by a sulphur atom. The compounds under consideration are 
analogues of tropyllum (l) [thiapyrylium (ll), 1,2-dithiylium (ill), 1,3-
dlthiyllum (IV) ], benzotropylium (v) [l-thianaphtylium (Vl), 2-thianaphty-
lium (VIl), benzo-l,3-dithiyli-am (YIII)], azulene (IX) [thialene (X), iso-
thialrne (Xl)], tropone (XIl) [a- and V-thiapyrones (XIII,XIT), derivatives 
of 1,2- and 1,3-dithiylium (XV,XTIi Y=0,S)] and tropolone (XTIl) [3-
hydroxythiapyrones (XVIII,- Y=0,S)] (Fig. l ) . Except the compounds nos. 
XIII-XTI, already known for a longer time, all these substances have been 
synthesized recently. The compounds II and VIII were studied 
Machova 7, Prague 2 - Vinohrady, Czechoslovakia. 
•*• R. Pettit, Tetrahedron Letters No. 23, 11 (196O). 
^ A. Liittringhaus and N. Engelhard, Angew.Chem. g , 218 (I96I). 
' E. Klingsberg, Chem. & Ind. I568 (i960). 
^ D. Leaver and W.A.H. Robertson, Proc.Chem.Soc. 252 (I96O). 
D. Leaver, private oommunioation concerning the compound IV. 
A. Lflttringhaus and H. Engelhard, Chem.Ber. 93, 1525 (l96o). 
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ON T H E USE OF METHOXALYL CHLORIDE IN ISOFLAVONE S Y N T H E S I S 
VARIOUS sources of the Ca-atom in the synthesis 
of isoflavones (I, R = phenyl, R' = H) from 
benzyl-o-hydroxy phenyl ketones (2-hydroxy 
deoxybenzoins) (II) are known; but the 
synthesis of hydroxy isoflavones, without the 
protection of hydroxyl groups in hydroxy •-
deoxybenzoins has only been achieved recently. 
Baker et al.^ used ethoxalyl chloride as the 
source of the Cg-atom while Farkas^ obtained 
it by the action of hydrochloric acid gas on 
zinc cyanide, the former being most widely 
employed. The use of methoxalyl chloride for 
Lsoflavone synthesis has not so far been reported. 
The present work deals with the use of 
methoxalyl chloride in order to see (i) if it 
would be more efficient than ethoxalyl chloride 
and (it) if it would give almost invariably 
2-hydroxy isoflavanones^ (III) in place of 
isoflavones (I, R = phenyl, R' = H) as is tha 
case when methyl formate is used instead of 
ethyl formate in isoflavone synthesis. 
O 
/ \ / . \ . . 
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In the course of our work it has been found 
that methoxalyl chloride is more efficient as 
far as the yields of the intermediate esters 
and their ease of hydrolysis are concerned. 
There is no formation of 2-hydroxy-isofla-
vanones. 
The use of this source of the Cj-atom has 
yielded 7-hydroxy (I, R = phenyl, R' = H, 
OH at 7) and 5, 7-dihydroxy isoflavones (1, 
R = phenyl, R ' = H, OH at 5 and 7) in yields 
of about 70%, identical with the products 
prepared by the ethoxalyl chloride method.* 
The intermediate esters, 2-carbmethoxy-7-
hydroxy isoflavone (I, R = phenyl, R' = COOMe, 
OH at 7), m.p. 220-22° and 2-carbmethoxy-5, 7-
dihydroxy isoflavone (I, R = phenyl, R' = 
COOMe, OH at 5 and 7), m.p. 220-21° not 
reported earlier, have also been obtained. They 
have been identified by hydrolysis to the 
corresponding acids which were confirmed by 
mixed melt with authentic samples of the acids 
obtained by ethoxalyl chloride method.* 
Further work is in hand. 
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